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Table 2-3 

SELECTOR PERFORMANCE FOR S-6 DATA 

12.32 

26.60 

35.46 

6 
c) 
7i 
L 
m 
m 
U 

6.91 0.204 3.92 2.20 0.241 

15.00 0.370 5.94 3.34 0.464 9/16 

19.80 0.640 9.76 5.48 0.960 
4 

I I I Sensor 
To1 . , 2 Selector counts - 

N Nb E 

2 1.66 0.99 0.038 

ZOP 4 1.86 1.11 0.137 

8 2.10 1.26 0.315 

2 1.85 1.11 0.097 

I 

2 1.66 0.99 0.038 

ZOP 4 1.86 1.11 0.137 

8 2.10 1.26 0.315 

2 1.85 1.11 0.097 

N 
I 
N 
(;o 

> 
2.73 1.54 0.828 

Sensor Sensor 
3 7 
- - - 
*b Nb E N H E 

1.61 0.96 0.056 1.46 0.88 0.055 

1.89 1.13 0.182 1.76 1.06 0.188 

2.23 1.34 0.442 2.18 1.31 0.480 

1.84 1.10 0.119 1.73 1.04 0.131 

2.20 1.32 0.290 2.12 1.27 0.300 

3.13 1.89 0.648 2.52 1.51 0.654 
I I 

2.84 

3.62 1 2.29 0.821 3.25 1.83 0.920 

I as 
N 
I 
Q, as 

I 
or) 

Explanation of symbols: - 
N: Sample compression ratio 
Nb: Bit compression ratio 
E :  

- 

R m s  error  in % full scale (100% = 511 counts) 
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PERFORMANCE OF EXPONENTIAL INTERPOLATOR ON S-6 DATA 

Explanation of symbols: 

bl, b2: Constants [cf. Eq. ( 2 .  l)] 
3: Sample compression ratio 

Nb: Bit compression ratio (Gb/N = 18/24) 

E: R m s  e r r o r ,  % full  scale (100% = 511 counts) 
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N(a) 

7 

7 

7 
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Thresh 

0.50 

0.667 

0.75 

0.85 

Table 2-7 

PERFORMANCE OF SHORT-TERM FREQUENCY COMPONENT SELECTOR 

Sensor 2 I Sensor 3 I Sensor 7 I Sensor 9 I Sensor 11 I 

3.39 

2.56 

2.27 

1.78 

22.8 

21.0 

13.5 

7.2 

4.02 

3. 64 

3.36 

2.40 

12.4 

8.2 

5 .9  

3.2 

3.84/7 
4.46/10 

2.96/7 
3.53/10 

2.67/7 

2.94/7 

21.0 
22.6 

20.7 
10.8 

14.0 

4.6 

3.95 

2.26 

2.52 

2.20 

2.2 

1.79 

1.22 

.785 

4.2 /7 
3.33/5 

2.37/7 
3.33/5 

2,53/7 
3.33/5 

2 .3  /7 

0.953 
0.800 

0.509 
0.562 

0.475 
0.460 

0.081 

S-49 Data: I Sensor 14 I Sensor 37 I Sensor 50 I Sensor 60 I Senso 

I 0.173 
0.160 

0.142 

0.103 

(a) 2N+1 = Number of data samples upon which short- term power spectrum is based. 
(4 E = r m s  e r r o r ,  % of full scale. 

I 
Q, 
0, 
I 

00 



r 
m N cn 
R, w 

I w 

cn 
-(I 
D 
0 m 
0 
0 
E 

3 
Y a " 

?- 

CD 
2 

I 
00 



m N 
I 

c.0 
m 
Ip rp 

m 
71 
D 
0 
m 

R 

m 
(D 
m 
(D 
0 
R 
0 
Y m 

g 

% 

E 

? 
r" 

R 
CD 
0 

E 
9 c 
0 

5' 
0 

r" 
3 0 
R 

8 x: P 
3 g. 
G 
% 

2 
E 
r" W 
8 x: 
P 

m 
(D 
0 
0 
R 

R 

6r 
Y 
(D 

i5 
$ 

$T 
E. 

E. 

0 

ft 
(D a 
F: 

ft W 

(D 

P 

0 

$ 

2 
6 
si m 
(D 

% I 

m 

m 
0 
Y 

0 

g 

r" 
W 

R 
F. rl- 

R 
c 
(D a 
R E 
2 
8 
E 
5' 
E g 
E 

P, 

m 
0 

0 
Y 

F: 

ft W 
P 
(D 

" 

E. 
R 

F s 
P, 
3 
m 
(D 
ft m 
0 
Y 
h 

5' W 

!? 
P, 

5 0 
rl- 
m 

m 
0 
Y 

P, 

$) 

ra 
Y 

rt- 
0 
m 
0 x 
R 

m 
(D 

a 
P, 
P, 
m 

i? 

R 

E 
F m 

5' 
R 
0 

0 

0 
R 
g 
Q 
B 
5 
R P. 

F 
$ 

8 
3 

Y 

CD 

c 
"r" 

8 
P, 
0 

'b c 
Y 
'b 
Y 
0 

B 

2 E 
3 

i? 

m 
e 
2. =: 
R 
0 
'b 
Y 
0 
0 
(D m rn 
a 
P, 
P, 
R 

'b 
Y 
(D m 
E. 
E 

e 

R 
CD 
0 

E 
(D 

? 

s 
% 

E 
0 

B 

EL 
3 
8. 
(D 
ft s 
tc 
0 

'b 

m m 
(D a 
F: 

ft W 

0 
Y 
(D 

8 
3 

E. 

E 
F 
m 
(D 
0 
0 
Y 

% 
R 

? 
w 
(D 
0 

m 
(D 

0 
n, 
F. 

$ 

6; 

x: 
ti' 
g. 
I5 
CD m 
m 
(D 
0 
R 

5 
P 
s 
tj;. 
P, 

0 
I 

3 
R 
8 
'b 
Y O 
0 
(D m m 
8 E 
P 
R 

m $ 
3 
3 
g 
m 

a 
P, 
P, 
R 

E;' 

8 
s 

R 
0 
P, 

Y 

R 
0 

g 
i;' 

ti' 
i? 
B 

CD 

R 

0 

'b 
Y 
(D m m 
(D a 
G 
E 
s 
t;' 
E. 

m 

0 
ft 
w 

"E 
P, 
Y 
CD 
0 

m 
P. a 
(D 
Y 
(D a 

r" 

5' 

5 

m 
(D 
0 

S 
cn 

rl- 

m 
(D 
0 

0 
c 
P 
0 
P 
(D 
Y 

R 

R F 
0 
Y m 
m 

P 
P, m 
0 

E 

8 
F 5 
Y 

CD 
P, m 
(D 

E 

r" 
R 
s 

Y 
(D 
0 

Y 

rl- F. 

"r" 
P, ra 
m 
(D s m g 
3 

s 
m 

i a 

g 
g 
% 

B 
R 

a 

E 
ii 
2 
g. 

cc 
0 

(D m 

ft 

;s 

ra 
R w. 
0 
P, 

2 m 
(D 
Y 
Y 
0 
Y 
P, 
Y 
CD 
0 

r" E. a 
(D 
Y 
(D a 
ti' 
E m 

3 
8 

r" 

(D 

0 

'b 
Y 
(D m 
E. 
'b 
(D 

8 
Y 

P, 

(D 

9 
E 
w 
R P 
(D 

8 

E 

3 

z z e 
m 

0 
0 
If 
'b 

R 

(D a 
0 
R 

0 

'b 
P, 
Y 

8 

E 
0 

0 
R 

I aa aa 
I co 



0 

9 e 
% 
(D 

F 
E. 
ti? 

0 
P a 

a- 
Y 
0 
P) 

3 

2 
m 
(D 
Y 

a 

'd 
Y 
(D m 
0 z 

rr- 
P) a- s Y 

0 

m 

E 
P. 

a- 
P E. 

E 
s 
'3 
3. 

0 

c3 
E 
(D 

E 
(D a 

d 
(D z e x 

P 3. Y 
it 

E a f\3 
I 

W 
(D 

P 

it 
P '3 

2 
g 
r?, 

I? 

a 

a- 
Y 
0 
P 

!g 

P w E' 
5' 
9 

P 
Y 
(D rn 
0 

0 
3 

0 

5 
5' 
(D a 

it 

g 
(D 

a 
rt. F P s 

'3 

0 
e m 
E it s E a E 

g 
Y 

z 
(D c 
8 

5; 
(D 

0 
0 

a E B- s 
2 
'3 

0 

0 
P rr- 

'3 
$ 
3 

z 
z 
(D m 
(D 

0, 
E 

5' 
E' 
m 

0, 0, '3 
3 
0 

ii m 
8 m 
0 
Y m 

5; 
(D i? 

i;: m 

a E s 
8 !% 

(D 
Y 

t;' Y 
(D z 

E 
g. 
8 
I m 

m 
0 
Y 

3 
_. 

0 

E 
II, 

E rr- 
'I 

0 
P 
z 
I? p 
E 
0 

3 

8 

(D m m 
P. 

3 
E a 

0 

5 
5' 
(D a 

0 

8 

g 
s 
(D m m 

ti? c 
0 
'd 

w s UI 
u) 
I- 

m " % 
Y 

0 
Y $ 

P 
t;' 
5; 
f: 

(lj m z. 
8 

h N 
I w 

UI 
Ip cn 

i;' p 5' 
rt. 
Y 
0 

0 
(D a 
E 

a- cc '3 
s 

5; 
(D 

(D 

s 
c m 
m 9 u) 

-u 
D n 
rn 
n 

'3 
% 
0 

Y 
P 

m 
g ij. 

Y 

3 
z 
P 
(D c a 
rn 
(D 
P m 
0 
Y 

0 
M rr- 

0 

$ 
c 
6 s rr- 

8 
4 
P 

!Jj 
e 
2 z 

E. 
ti? 
B 

0 
P a 

0 s 8 
(D 

Y 
(D 

E 
8 rn .. 

e 

3 
% 
(D 

3 

B- 

2 
it 

'd 
Y 
0 

(D 
et rr- 

Gh 
0 

8 
w a E; w 

8 

x 
" 

I-. m 

Y 
(D x 
R 

a- 
(D 

c m 
(D a 

0 

5 
5' 
(D a 

h 

Y 
F 

x 
5' 
E 

m 
(D 

8 
t+ 
0 
Y 5' P, 5; 

R 
5; 
(D 

c 

m 
m 
5' 0 

$1. 
E? m 

0 
P a E. 
ti? 

U 
0 
0 

I 
Y 

9 
(D 

0 

? P B r. m 
Y 



6 
0 x 
I 
m m 
0 
P 
cn cn 
m cn 
IP 
cn 
71 
D 
0 m 
0 
0 
z 
D 
D 
z 
-< 

- 
- 
r 

, 1 . '  

5 

Fig. 2-13 

10 

TIME (SEC) 

S-6 Sensor 7 Original Data 

15' 16.25 



500 

45 0 

400 

350 

300 

250 

200 

150 

1oc 

5( 

( 

0 
I 

3.25 6 .5  9.75 

TIME (SEC) 

13.0 16.25 

Fig. 2-14 S-6 Sensor 7 PseudfkSensor Data 

I 
co 



E: 
Y 
(D 

0 
8 
E 
!? 

w x: 0 

a 

Q 

ti U 

m 
(D 

m 
0 
0 
'd 
(D 

0 

3 
D- 

0 
0 0- 

(D !3 
'd 
Y 
(D m 

s 
g. 

0 B 
5E' 
(D a 

ti' 
(D a 6 

(7 
" 

0 

; a 
Y 
(D z " 0 

5- 

5' 
P, 
m 

Y? 
- 
r 
m N m 
Ip or, 

I w 

E a U 
Ft 
(D 

W v 
M 

m 
(D 
0 

a 
0 

E z 
5. 

(D m m 
s 

U 

m 5 u, 
71 
D 
0 
m 
(7 
0 
E 
D 
3, 

3 
Y i3 

a 
ti 

a 
% 
Y a m 

B 

a m P, m a: 
i B 

(D cc 
E 
(D 

e m 
0 

m 
(D a 

E 
(D 

P, 3 a Y 
(D 
0 
E. 

m 
m 
0 
Y m 

B u- 
0 
0 

m 
(D 

2 3 a 5' 
g 
" 

I 
or, 



6 
0 
7i 
I: 
n 
n 
0 
3 
UI 
u) 

n N 
u) 

Q 

- 
- 
r 

I w 
W 

" 

t.3 

t.3 

8 
2 
g. 
c 
2 
is z 

(0 

c 
26 

(D m m 
(D a 

'd 
F m r: 
5 as 
x' 

E 
2 x 
26 

Ft 
(D 
Y 
P, m 
P, 
m 

E 
'6, 

d 
Y 
Lz 

c3 
E m 
3 
4 
g a 
8 
E a 

Is 
0 

t z  (D 

0 

c3 
g 
Y 
(D 

0 

5 a 
B 
P, 
m 
(D 
'd 

P, 
(D 

K 
* 
W 
2 
3 
Y a 
S 
0 
0 
k 
0" 
Y 
(D 

P $ 
m 
0 s m 
0 
Y 

S 
0 
0 
k 



DATA AMPLITUDE (COUNTS) 

x 
I 
m 
m 
0 
3 
u) cn 
m 

Ip 

u) 
TI 
D 
0 
m 

_I 

- 
N 

0 

r 

u) h 

c3 
‘c E. n 

e 

E 
I oa 
03 
I oa oa 
I 
cx, 



DATA AMPLITUDE (COUNTS) 

3 
u) 
u) 

m 
u) 

Q 
u) 
'0 
D 
0 m 

- 
- 
r 

N 

I--L 
h 

P P K 43 a, CI P 
0 to rp Q) m 0 to 

I I I I I I I I I I I 

@D I 
e 
c. 
D 
c>. 
De 

D 

D 

z 
I 

43 
h3 
I 

43 
43 

I 
00 



DATA AMPLITUDE (COUNTS) 

I I I I I I 1 I I 

- O D  

D 
- D O  

O D  

x 
I: 
m 
m 
0 
E 
01 
01 
r 
m to 
II) 

Q 
01 
71 
D 
c) 
m 

- 
- 

h 
to 

E a 

N s 

E 
0 
(D 

II 
E3 

I- I 

D 
O D  

0 D 
D. 
0 
c* 

D 

P 

0 

0 

D .  
D O  * Ei 

U 
b D 
c-l * 

I 
43 
E3 
I 

43 
43 
I 
cx, 

I h Y 
1 



el 

M 
m M 
d 

E 
h 

Y 

DATA AMPLITUDE (COUNTS) 
P 
rp 

)--L P 
to rp Q, W 0 to 

I I I I I I I I I 

a D 
b 
D @  

@ D  
D. 

D @  
D a 
D a 

a 
- D @  

- @ D  
crl> 

.D 
- O D  

D 

D a  
D e  
D @  
D @  
D e  
D a  
D @  
D 

"1 



DATA AMPLITUDE (COUNTS) 

x 
I 
m m 
0 

- 
r m 
m 

m 

@ D  

a 

D @  
cl 
0 
Z 
4 w 
e 

m 

s 
E 
U 
$- e 
b 

D @  

D @  "1 

s D 
D 

I 
6, 
Lo 

I 
6, 
Q) 
I 

@J 



DATA AMPLITUDE (COUNTS) 

03 tn I 

Ip b 
tn 
ll 
b 
h m 

I-' I-' 
IP Q, 

)--L I-' 
03 IP Q, (x, 0 Po 

I I I I I I I I I I 

D 
D Q 
D 0 

Z 
D 

M 
c3 

Q 
D c3 

trl 
' D  U 
c3 * D  
* D  

I 

Tlc D 

. 

. 9 
8 . . 0 
H 

r . 
c3 * . 

D @  
D 

@D 
O D  

o b  

Q 
Q 
E 
td 



P, 
0 
Y a 

%: 

R 
3 

N 
(D 
Y 
0 

z¶ 

Fir 
8 
;c: 

m 
E 
CD 

5; 
(D 

0 

8 
E. 
'by 
(D m 

s 

N 
(D 
Y 
0 

I 
0 
Y 

Y 
4 

m 

t 
8 
Y m 

0 
Y 

Y 

rt 

m F. K 0 

Y 
2 

0 
0 
0 B 

P, 
w 
0 

Y 
3 8 a 

w 
5' x m 

K 8 m 
i-.. 

(D 
z 5' CL N 

CD 
Y 
0 

0 

E 
'by 
(D 

Et: m 
U. 

E* 
(D a 

8 
G 

P 
PJ m 

0 

m 

B 
rt- 
P 
(D m 
(D 

0 

8 
;. 
z 
(D m 

s 

(D 
Y 
Y 
0 
Y 

E a 
5 0 

rt 
P 
g 

I 
0 
Y 

Y 
8 

s 
4 e 

g 
Y 
(D 

% 
rt 
P 
(D m 
(D 

E 
5' 
(19 

P, 

m E. 
s 

3- 
B 

5' 
r 

I@ 
I 

CL 
rs' " 

w. m 
CL 

2 
(D $ (D 

m 
? 
8 
Q 

m 
(D 
0 

a 
Ld 

g 
E 

9 
e 0 
E!? 
(D a 

m 
E 

(D 

9 3 
Y a 

8 
Y a m 
W 

0 

8 
8 
(D 

3 
F: 
a w 

io 

8 
Y 
R 
i;' 
23- 
F: 
rt 

E 

W 
W 
W x' N 

0 
U 

Y 

0 
E a 

$ 
Y m 0 

0 

Q 
4 

r 
0 
H s M 

m 
(D 

3 
m m 
(D a 

m m 
i;' s 

I 
m m 
0 
x 
u) 
u) 

r m 
u) I 

Ip 

- 

N 

0 

8 z 
"g 

(D m 
E. 

0 

8 
'by 
(D m m 

3 m 
u1 

2 m (D 

(D 

P, 

Y 
(D 

1 rt 

m 
E 
'b, 
CD m 

9 

E. 
P, 
(19 5' 

4 
s 

0 
Y 

ts 

1 
'by 
CD 

a 
ti 

m 
E 
'd, 
(D m 

n 0 m 2Y 3- w. 

r 9 m e g .  
rt 
0 

m P, z x: 

f 
8 
% 

il: 
Y 
P, 

m 

m 

P 
s E 

m 
L 
0 
E f 

Y 
CD 

m 

f e 
2 

(D 
Y 
Y 
0 
Y 

% 

F: m 
(D a 

i;' s 5; 
(D 

m 
(D 
0 

1 
c 2  

m m 
CD a 

0 

8 
'by 
(D m m 
CD a 

P, 9 c m 
rt 

d. B PJ 
Ld 1 z 

(D m m 

8 m 8 
Y 5' 5' 9 

0 
Y 
(D 

ri 
P 
(D 
Y 3- w. 

w 
CD 

B 
P, 

0 

E a 
rt 
P 
(D e 

rt 

m 5. 
5' 

Fir 
m 
P, 

8 
G 

(D N 
I 

CL 
4 
W 

c m 
(D 

0 

E z 
(D m m 
(D a 

Y 
Y 
0 
Y 

8 
Y a m 

tt 
(D 
Y 

(D P, 

x' 
i;' s 
E 

0 

8 

g 
'by 
(D m m 

0 

E z 
(D m m 

CL 
Q, 

I-. m 23- 
(D 

" s 
R 

2 
k 

rt ir - 3  
a 

P, 

rt 
g 
m 

Y e f 
8 m 
rt 
Y 
P, 

a 8 

E 
5 a 

9 
0 
Y 
(D 

E 
CD 

N 
CD 
Y 
0 

h 

5' 0 

8 E 
il: 
G 

9 m c) 
0 
3 
D 
D z 
< 

3 m 
c3 
g 
Y 
(D 

? 
9 z 
0 m m 
(D a 

B 
P, 

0 

E 
'by 

8 

(D m m w. 

0 
Y 
Y 
0 
Y 

5' 

P, a 

g 
I 
0 
Y 

Y 
4 

rt 
P 

p5 

CY 
x' 
0 
rt 

e 
% 
5 
Y 

F: 
(D 
rt 

P, 6 m 
m 
PJ 

5. z 
(D 8. 
e 
cc 
P, 

a 

c 
% 
B .. 

0 
Y 

ts 
k? 

m 
(D 
0 
0 z 

W e s m 

E 
% 
Y 

0 

E a E 
Et: 

il: 
0 
P 

h 
0 
(D 

3 g 
0 

'b 

0 
Y s i  

w. m 
w 
0 

Y 
3 

m a 
c-' w 

6 E? 
Y 

I 
0 
Y 

Y 

% 

ti? 

N 
I 
N 
0 v 

0 
rt 
P 
(D 
Y 

P, m 
P, 

f 
Y 
CD 

rs' 
0 
P, m 

B 
P, m 

f 0 

E 
2 
CD m m 

Y 
(D 

(D a 
8 

Y 

0 
E 0 

Y 

ts 
4 

a 
P, 
P, 
rt- 

5; 
R 

9 
0 c3 

g 
Y 
(D 

0 

E a 3 (D P 
E 

H m 
PJ 

rt 
P 
"% 

cf- 

E m 
a s 0 

2 m 
E 2Y 5. 

!? 
(19 

ts 

m 
CD 
(D 
w 

% 
Y 

m m g % I-. m 
E 

Y e 
8 Y 

0 
E 

I co 2 
O w 

i-.. m 
vj 



x 
I 
m 
m 
0 
3 
UI 
UI 

- 

r 
m 
UI 
Q 
UI 

c) 
m 
0 
0 
3 

2 

D 
9 
z < 

to 
R 

E a 

e 
B 
P. 

5' 

E a 
P 

2 
R 
E;' 

a 

" 

P rn rn 

@ (D 

0 

i z 
(D rn rn 
CD a 
s j  w. * s 
P 

w. rn " 
.. - 
H rn 
P, 
rn 
0 
0 

a 
cd 

8 
K 
g 

i;' 
e 
g 
Y 
(D 
* 

g 
rn 
0 
0 
0 

rn F 



s 
0 
7i 
I 
m n 
0 
E 
u) 
u) 

- 
- 
r 
n N 
u) I 

Q 
u) 
'0 
D 
0 n 
c) 
0 
3 
D 
9 

rn 
0 
0 
0 ra 
K 
'c 
a E 
8 
g. 

0 

'dy 
(D m 

s 

F"0 
0 
0 
Y E 
09 

E: 

5' 

Y 

rc 
P 

m 

P, 

(D 

m 
0 
P 

8 
K 

3 
F x: s 
(D 

-4 
El 
% 

N 
(D 
Y 
0 

I 
0 
Y 

Y 
m 

4 

E 
8 s 

E. 
4 

8 
B 
K 

'dy 

5' 

Y 
(D a 

m m 

8 w. 

E 
m 

09 

m 
(D 
0 
0 

'c E 
0 

8 

g 

8 

z 
(D m m 

% 

x 

> 
8 

i? 

0 

(D m m 
(D a 
(D 
0 

% 
rt. m .- a 

5' 

x: 
m" 

w " 

m 
CD 

iT 
2 
m 
CD 
0 

i Y 

'c 
a 
$ 
B 

'dy 

E. 
8 
% 
r. 

(D m 

rc 

m 

(D 

5' 
ro * 
m F: 

E 
!i 
5' 

5' 
5' 
09 



m 
m 
0 

- 
m 
m 

m 
VI 

- 
r 

Q 
m 

m 
c) 
0 
3 
'I] 
D 

- 
ul 

8 x 
0 
Y 
* 
P 
CD 

P E 
r 

g 
5; 
m 

% 
P 

E? 
(D a 

s 
c1. * 
m 

8 
0 
4 
E 
Y 

ir 



DJ Y Q 

P, 
% ‘co 

3 

P 
04, 3 

Y 

‘d 
Y 

8 I-. 

rn 
5’ 

9 
2 
5’ 

8 

m 

m 
0 

rc 
Y 
0 
I- 

E a 
x: rn 

Y 

$ a 
P, 
2 r+ 

0 

E. a 
rc 

E 
(D 

H U 

r+ 
P 
(D E 

6 
0 ’  
7i 
I 
m 
m 
0 
3 - 

5’ 
ii: 
? 
P, c 

F 
rn 
(D 

0 
3 
fr: 

m 
I 
tP 
CD 0 

8 rc 
Y 
0 c 

h 
7; 

“ 
rc 
3 
(D 

d 
E rn 

0 8- 
Y 9 

P, rn 
(D 

ii: p E 
8 

u) 
u) 
r m 
u) I 

- 
w 

E 
r-’ 

3 rn F i;: 
E 
Y 

09 

ir 
P, 
0 
Y 
0 

’d 

U. 

5- 
5 

3 rn 0 
0 8 
g a 

ir 
0 

0 
Y rn 

g 3 rn 
P, c rn E a 0 r: rn 

$ E 
6 
CD a P, 27 

!f 
5’ 3. 0 

0 

0- 
3 $ 

(D 

rc 
3 
(D 
0 
Y 
4 
5’ 
E 
E 
E 
3 c 

e 
B 
E. z. 
0 
P, c 

w 

% 
(D 

r+ 
0 

E 
u1 
I 

03 k 
@ 



E a 
zr 
(D 

el w 
P 
C i J  

H R 

3 " 2 R 

CD 
Y 

Y 
(D 
0 

i s 
(D 

(D a 
% 

e: 
5 
f", 

* 
s 

I 
K. s 
E R 

m 
(D 

g 3 
6 K 
e 
g 

* 
P 
R 0 .  

0 
Y 
(D 
0 

8 
l3 

* 
m E. s 

s m 
r" 
e E 
P 
x' 

0 'z 0 m cd 
Y " 
R 
P 
CD 
v1 
(D 

" 
g 
5 a 

r-3 
E m 

a 
2. r 

m w cn I 
Y 

I E- 
E 

0 
0 

CD s 
Y 
D) 

R 

R 

m E. # 
-u 
D 
0 
m i* x 

P 
(D 
Y 

w 
cj 
0 

$ 
a 
P, 

ir- 
? 

0 m 

f 
R I-. 

E Y 

Ts' v 3 
Y z 

I 
03 
f3 

I 
03 
03 

I 
03 

R 

E m 
CD 
P, s m 3 

Y K I 



R 

K 
w 
I 

Q, 

td 
(D 

c m 
(D 

G 
73- 
(D 
(D 
3 
F 
Y 

2 
(D m 
(D s 
(D a 
R 

5' 

H 
K 

w 
N 

w 
N 

Y 
w " 

m " rl 
P, E. 0 

* 
0 0 

* 5: 
R 
P 

U 

ED, 
El 
% 

(D 
0 m 0 

r" 
R 

R 
P 
(D 3 

Y 

m 
R s- cc 

m 
(D 

(D m 
3. 

jr; 
(D 

w 
(D 
0 

s 
R 

t;' 
< 
E 

Y 

m 
B 
2 

E 
ii; 
P, 

a 

w 
I 

Q, 

P, E- 

Y 

P, 
ED, 
R 

5 a 
(D 
Y 

a 
P) K 

Q 
Y 
P 
R 

6 
(3 
7c 
I 
m 
m 
0 
E 
cn 
cn 
m 

Q 

- 
- 
r 

cn I 
w 
ib 

0 m i-t 
P, El 

P, a 
CD 

.. 

m E N a 
P, 
P, 
R 3 

E- 
(D 

t;' s 
P, 

4 F: 
R 

z. 
.c" 

2 
P, 

w 
I 

% 
0 * 

5' 
m r" 

R 
Y 
0 
IC-' 

" 
0 

w Ei s m 0 

r" e 
r" 
R F. 

m 

c 

(19 

m 
5- % 

5 
Y 

E 0 

(D m 

0 m R 

E P, 
3 a 

it. 
P " 

cd 
K m 

2 
P, a 
(D 

b 2  
a(D 

e 
(D m % 

5 
2 
(D a 

F: s- Y 
rj 

B 
Y 
rj 
(D a 

s m 
Ct. 

5. 
(D 

CD 
R iD 

H " 
0 m w 

F s 
(D 

m 
R 
2 
E! 
(D 

a 
P) 
% 

0 m 
R 

K 
m 
(D c 

rl 
(D EL 
Y 

0 

Ff 
0 
w 

2 
E c m 

(D a 
(D a 5' w c 

R 

9 c 
(D 

g 
Y 

c 
F1 
09 
z. 

E' 
R 
0 

cd z 5' 
E m 

s m rc 
P 
(D E 

(19 
P 

P 
P, 
R 

R 

rl 
0 
9 

rl 

CD a 
El < 

P 

tD 
E. F: 

t=a Y 
ti 
(19 b a M 

I 
0, 2 

2. 
0 

0 

r" 
R 
B 

0 
3 

0 

i;' E a 
.- 
IC-' 

8 a d 
2 
c 
(D 

a 
(D m 
0 

73- 
(D a 

z. 
2 
Y 
R 

?? 

m 
P, 
El 
(D 

H M Y m 0 b 
W 

m 
3 
ii; 
3 m 

c 
s 
(19 

E. 2. rt- 
[I, 

0 

r" 
R 
13 

P, 
a 
p 3 

E a 
a 
(D 

s 

% 

t;' 
U 

z. 
P, 5' 
0 
H, c m 

09 
5' 

P 

(D 
p"6 



a 
(D 

# 
R 
(D a 

3 
(D 

w cn 
rp 
m 

I 

g 

s 
(D c 
CD 
Y 

$. 
u1 
(D " 

m 
0 

E3 
R 

tt. 

m 
(D 

F w 

f3 
I--L rr- 

P 
(D 

a 
n3 8 

'b, 
5. a 

+ 
0 it. 

P, W 
Y 
CD 
u1 
(D 

(D 
2 

Y 
P, 

R 
0 

cc E 
a 

e 
0 
Y a r)- 

m 5 r 
0 
(I * 

P 
(D 

a 5' 
rt. 
P 
ID 

E a 
(D 
Y 

m 
F 
% 
P, 

m 
(D s m 
0 
Y m 

m 
0 
Y 

R 

K 
(D 

s UQ 
2. 

h 
w u 

m ix 
M w 

I cn % 
Y 

a 
(D 
% 
R F. 

"E 
z 
Y 

Y 
? 0 m 

E 
E a 2 
6 a 
a 
CD e 

(D 
Y 
(D 

0 
0 s 
Y 
0 
w 

g 
r). 
(D a z 

I 
03 
N 

I 
03 
03 

I 
M 

F (D 

I Y 



c3 3 rt- s 
CD 

P, 

E 
0 m 

2 
CD 

9 
F: 
CD 

w 
E. 

F 
5 
P 

9 
F: 
SF! m 

CD s m 
0 e m 

E. 
w 3 S m 3 

Y 
(D 

0 

r" 
rt- e 
0 

0 

5 
(D 

m" 

m 
0 rt- 0 

w, rt- 
P w. (Dm CD 

9 

E 
* 
D- 
CD 6 

0 
7;; 
I 
m 
m 
U 

3 
m 
m 
r 
m 
m 
Ip 

0 
'TI 
D 
0 
m 
(3 
0 
E 
-0 
b 
2 
< 

- 
- 

cJ3 
I 
Q, 

rt- 
P 
CD m 

2 m 

B 0 s -4 

F: 
CD 
c 3 

Y * 
0 

CD 
4 

9 
rt- 
CD 
E! a 

0 
9 CD 

P 
$ G m 

CD a 
G m 
CD a 
0 s 

F 
m 
rp 
u3 
I 
M 

9 F: 
CD 

s w 
E. 

$ 
CD 

E 

8 

EA 
0 w 
m 

m 
0 
Y 

r" 
0 

Y 
5' 

0 

rt- g c$ 
tt m 

rp 
W 
I 
% 

e 
(D 
Y 
(D 

e s "" 

ti' 
ti' 
CD 

rt- 
P 
CD 2 e: $ 

ti' 

0 
0 
Y a 
m 

m 
Y 

0 E. CD 
w 
I 
c.3 " 

0 
O s 
Y 
rt- 

24 

ir- 
0 e 
(D a 3 Y 

(D 
Q 2 

I 
c.3 " 

rt- 
0 

F s 
CD s s 

CD 

rt- 
P 
CD 

e 
P 
(D e P, m m T x 

m E' 
2 
E 
G 

s w 

E 
E' s 

2 
E' 
c3 

(D 

w 
I 
c.3 

E m 5 
Ld c 

5 
rt- 
0 r 
2 s 
0 
CD 

c3 
P 
(D 

rt- 

rt- 
0 

D- 
CD 

0 

Y 

g tt 

I 
Q, 
tw 
I 

Q, 
Q, 
I 

03 

2 
CD 
Y 

5 
E a d 



o o r o o p  I I I w a P a a r  
. . . . .  
a a e n a a a  



6 
0 
7i 
I 
m 

w 
m 

cn I 

Ip 

4 a ul P w 

P P P  P P  
0 0 0  0 0  
0 0 0  0 0  

p . 3 0 0 0 ~ ~ p . 3 0 0 0 0 W 0 ~ 0 ~ ~ 0 0 P p . 3 p . 3 p . 3 p . 3 ~ ~ ~  . . .  
0 
P 

iD 

p 
(D 

-3 Y 
I 

!.% 
I 

43 
I 9  

l a a 
I 
W 



r 
m 
m I 

Q 

w 
W 

m 
71 
D 
0 
m 

P P 
e n w  

P 
N 

P 
P 

P 
0 W 00 

t 
e n e n *  P ~ C P C P C P P C P y P w w w w  w w w w w w N N  
P O W  00 a U l C P w 1 0  O W ~ 4 0 3  en CP w N P O W 0 0  I 
CP N N 4"W P P P P P W W W w w w 00 P P P P P P P P P CP P P 

N N N N 0 w N P "N "P "0 0 P"03 P"en P"CP N P  0 "rn P P 
W co 4 ""03 0 e n *  

W W W  w w w -  ED 

P 
P w 

C P - 0 3 P 0 0 4 0 3 e n N  
0 4  

g "f\3 0 3 e n C P  co "00 4 P P  0 
" N N  en* 

P' 
OCP 

4 w 

" P  43 43 03 CP"P w ,c" "P I--L 

"00 "4 "03 " !  
c o 0 0 0 0 N  " !  

5 . 5 . 5 .  u 5 . 5 . 5 . 5 . 5 . 5 . * 5 . * * * *  b 5. 5. u k - u u u  

P P P P  P W P  
0 0 0 0  0 0 0  
0 0 0 0  0 0 0  

I @ . + +  0 0 0 0 0 N N N N N N N N  N N N o o o p o  
0 0 0  
P F P  

I 
43 
03 

I 
00 



w 
I 
P 
0 

P 

rn i 

N en en 

P, S 

0 
09 
L 

rn 
(D 
5 

P W W P F  
0 0 0 0 0  
0 0 0 0 0  

0 0 0 0 5 0 0 0 0 0 CP 0 p 0 Po N 0 0 0 0 l.P CP cp cp cp cp cp . . . . . . . . . 
0 0 0 0 0 0 0 0 0  0 0 0  
P P P P P P P C W  P P P  

rn 
0 
3 m 

c3 
P, 5 
w 

I 
Po 
n 
0 

W 

I 
or, 



2? er 
a 
(D 

E. 

z. 
& 

a 
E 

rt- 
P 
(D 

c3 
R 
(D 
(D 

0 

rt- 8 
Y 
fl. 

m 
CD 
0 
0 "E 

(D 

(D 
0 

x: 
rt- $ 
P 
$ m 

n r 
04, 
er 
P 

B 
jr rt- 

5 
(D 

0 

8 z 
E. 
(D m 

P 

3 
0 

m 
(D 
P m 
0 
Y 

3 m 0 
0 s 
rt- g 
!= 
rt- I-. 

ro 

(D 
Y R 

Y 
0 
Y 

El 
E. 
0 g 

Y 
(D 
P, m 
(D 

El 
E. 
z. 

0 

0 

P 
W 

rt- 

w 
I 
I--L 

W rt- 

P, s 
0 
W 
m 

E 

E 
0 
Y m 

(D 
Y 
Y 
0 
Y m 

Y 

m jr t a ". ti' m 
3 
B 
El 

Y 
G c 
(D m 
w 

I w 
d 

c 

9 s Y 

m jr 3 
gs 
w 

I 
I--' " 

it. 
0 

s 
W 
z. a 

Eu 
3 

w 
4 CD 

Y 
Y 
0 
Y m 

g 
rt- 
P 

Ph 
E 
2 
0 
U 

0 z. 
E 
$. 

I-. m 
(D 
4 

5. U 
P 

i3 0 

(D m 

ti' 
"R 

3 m 
iD 

P 
5 0 

0 

% 
0, 

h * 
c3 

W 22 
8 

P 

0 

rt- 8 
A 

rt- 
F 
(D 

0 
d 

R 
P 
CD * 
c3 
A, r 

ii: 
(D 
P rt- 
rt- g 

c 

9 E a 9 P m El 
2. 
0 !2 a 

cd it. 
P 0 

P, 

(D a 

B 
ti' 

jr 

R 
0 

Y s E a El !2 a 5' H % 
E. 
(D 

P 
W 

r 
5 
P 

L '  W U 
P 
(D 

0 

0 
E. 
rt- 

E m 
cd 
Y 

E 
m 
2 
ii: 
9 

Y 
(D a 
g 

w n m 
rt- 
3 
El 
(D 

i-t 
0 
3. 
& 

Y 
(D 
0 ro 
R 

B 

Y 

a 

Y 
(D 
0 

g 
R 
Y 

rt- 
(D a 

0 

g 
R n 

m 
3 
B 
jr 

0- 
E. 
F 
'd 

8 s 
P 

Y 

W 
5' 

c3 Fr m 
CD 

0 
0 

Y 
z 
g 

8 
Y E m 9 

5 m 
5. 
W 

P 
(D 

rt- 

0 

rt- g 
Y s 

m 
3 a 

(D 
0 
Y 

m 
(D 

3 m m cc 
; 
jr 

5' H 
g 
Y 
(D 

m 
cp co 
A 
E 

4 

a 
m 
cp co 

I-. 
3 

Ph 
E 
%' 
E 

0 

(D 

m m 

rt- 

'd 
P, 
Y 

E 
(D 

CD 
Y 

rt- 

Y 
(D m E a 

m 
i 3  m 

ii 
m 

" 
0 
0 

Y 
Et 
s 

a 
P, 
P, 
rt- rt- 

F 
(D 

Y 
0 
0 

3 
g 
rt- 
(D a 

5' 8 
2 
8 
(D 
Y 

F 
5 
3- m 

Y 
0 

R 

ii % 

3 
(D 
Y 
P, 

P, 
Y 
(D 

Fu 
Y 
(D 

i: 
Y 

3 
e 
E 
g 

8 E jr 
0 
Y 
(D 

w 
4 

Y 
P, rt- I-. 
0 m 

u) 
-0 
9 cz 
m 

n 
I-. 

? 
" 
rt- 

R 
P 
(D 

'd 
R 
5- a m 

9 
(D 
!= 
(D 

Y 
(D E 
g m 

m 

f is m (D 

(D 
0 

(D 

x: 

%' 
rt- 

c1! 
8 

z 
Y 
(D m 

" 
m 
(D s m 
0 
H 

0 
I-h 
rt- 
P 
(D 
rt- 

K 
(D 
(D 

E: 
Y 

rt- 

B 
Y 

E 
0 
(D m 

F 
5 E 

8 
W 

03 co 
0 

m 
(D 
3 

g 
m s a E 

m 
cd 

$ 
jr 

U 
P 
(D 

E: 
Y F 

5 
P - Ei 

cd 
3 
-0 
9 E % 

m 

vi E Y 
(D 

(D 
E 

rt- 

m 5 
rt 
P 
(D 

0 iz a 
8 s 
F 

0 
I w 

rt- 
0 z 

-< m 
W 
L 

P 
(D s 
g 
Y 

8 
P, m 5 

R 
(D er rt- 

m 
(D 
P m 
0 
Y m 

is m 'b, 
8 m 

0 s 
g m 

5' 8 s 
P 

g 
x R 

4 
(D 
Y m 

5' z 
(D 

01 
rp U E 

P, 

Y 

P, 
% 

%' 
% 

R 

cd 

Y 
(D 
0 

E 
R 
Y 

e- 
(D a 

x' 
5' 

w 
I 
cp 
P 

i;' 
Y 5 

R 
0 
;. 
m 
0 
H-4 

E 0 
[14 

0 

rt- g 
Y s 

s 
E CD 

R 
P, e m 2 0 

'b 
8 

a 
Id. % 

(D 
F: 
(D 

L-r. 

2 a 

e 
(D 
c3 

Y 
(D m 

0 
% 

iD 
m 
g 
8 m 

5' e a El g 
Y 

c 
cd i: 

Y 
Y 
(D m 5' 

(D a I 
03 g. P, I I 



0 
0 
3 
D 
9 

I I I 

m m m  m m m  m m m  + + +  + + A  + + l p  w w w  w w w  w w e o  2 
& & I &  & A &  & & &  s 

? t o w  w w r  
w c n w  w l p o  
o r n w  4 N P  

. .  . . .  

I I I 

c n c n w  
u l c n c n  

4 c n N  U l c n Q ,  
c n o 4  0 0 0  

. . .  . . .  

I 

I 
03 



r 
8 -  
7i 
I: 
m m 
U 
I 
_. 

0) 
UI 

m 
UI 
QJ 

- 
r 

w 
I 

w' 
UI 

0 m 
cl 
0 
I 
71 
D z 
-< 

2 
P m 

Y 

R 
P 
P. 
" 

-Q 
R, 
P. 
" 

P, 

-Q 
H P. 
" 

P 

Ih 

Ih 
P. 

qrn 
" 

II II II II I I  II I I  

& R  
P O  

R 
P. 

II 

0 

C. m 

A 

0 

R 
P. 

I 1  

R +. - 
I I  

R 
F 
C. 

4- 

P. 

U. 
P 

+ 
-Q 
E 

I 

R 

IV 

P. - 
0 

A 

? 

0 0 

I 

CD 
E: 
CD 

% 

8 
P 
Y 
R 

IS 



E E rn 

Y 
CD 
P 

s e 
g 
?% 
s 
P Y 

CD 

5 
F: 
R 

z 
R 
CD 

P 
E 5 P 

(D 
R 'd 

W en 
rn 

4 
0 
0 

rn 
CD a 

8 6 
0 
7i 

CD 

E R r 
CD R 

0 
en 
0 

0 i E rn 

R K 3 rn 
G 
R 
CD 
K 
R r 
(D 
R 
11, 

0 
n, 

r? iD z 
Z 
CD 

m 

% 
Y 8 rn rn 

E? 
CD a 

.. 
CD 
0 

a " 

< x 
C 
g 
R 

rn 
0 

s P 
R z 

I 
Q, 
tw 

I 
Q, 
Q, 
I 
W 

F 
00 

ED 
0 
0 

" R r 
CD 



5' x 
0 
P, F: m 
CD 

rc 
CD 

m F i  Y 
CD 
0 

B 
R 
g 
id 
Y 

a 

rc 
0 0 0 

E 
0 0 

0 m c. 
R 
w w 

CD 

t;' 
a 
CD 
0 
Y 
CD 

CD a 
g a 

P, 
R r 

0 .  
Y 
CD 

(D m 
g 
" 

8 
2 

" 
rc 
P 
CD E a I m m 

0 

a 
CD 

Y 
0 a 
E. & - &  P, Y 

CD 
8 
g r 

rt 

E t  m C D  
Q 

I I  
0 

H 

rc 
P Ei a 

9 E* 
m 
0 
CD r rt. 

rc 
P 
(D 

- 
r 
m 0 
u) I 

U 

0 

3 
5: m Q bl 

uf 
71 
D 
0 
m 

d 
f", 
% 

n, r m 
0 
Y m h 

ti' " rc o m  M 0 
Y 

rc 

m E n 
0 
3 
-0 
D 

rc s 
@ 
E 
CD 

CD 

0 
P, m 
CD " 

m 
II 
0 

H 

en 
0 a 

CD 
0 

PJ m 
CD 

2 
3 
CD 
Y 

P, 
% 
rc w- 

m 
cd 

B 
E 

Y 
m 
E- P, m % 

cd E 
i;' 
P, 

0 

rc 
Q 

H Y 
% 
2 a 

I 
W 



6 
0 
7i 
I 
m 
m 
0 
K 

P S E  

8 E 
F: * 

. . . .  O o o 0 n  P P P P n  
r o o o g  r o o o g  
o o l u l u l  

10 . . .  0 0 I 10 0 0 . . .  0 0 0  . . .  

- I  - I  u l c n u l  n l  u l u l u l  

0 0 0  

O N 0  

0 0 0  

O N 0  
0 0 0 0 , a  o w o o g  o o o o g  H 0 0 0  

O N 0  
c n u l u l  

E 
I 

03 
N 

I 
03 
0) 
I 
W 



m 
m 

r 
CJ 
I 

m 
u) 

u) 
71 
D 
0 
m 

h 

Y 
w 
U 

(g. 
rn 
rt 
0 

rt s R a 

3 
Y 

E w 
c 
(D F 
rn 
R 
'tu 

w 
" 

N 
(D 
Y 
0 

rt 

% 
CD c CD 

a 
(D 
0 

P, rn 
(D rn 

3 
I 
00 



m r rt tr 
(D 

w. m 
P 

Ets 
E E s- 

co 
dj 

0 
n, I1 I 1  I I  

ii c 
(D 

rt- s 
(D 

6 
0 x 
I 
m 
m 
0 
E 
_. 

i;: 
? 
'd 

Y 
(D 
0 

." 

E 
ii: 
2 
a 
a E w 

I 
U 

UI w + " E? a 
% 
G 
w. 

5' 
w 
0 
0 

M 
9 

n 

w 
Y 
Y 

tD m 

rt- 

2 =;: 
t;' 

E 
I 

Q) 
I 9  

(d a 

I 
Q) 
Q) 

I 
00 

rt- 

m E 



R 
P 
(D 

% 

2, 

R 

m 

m 
(D 
CI. m 
R 

g 

5' U 0 R m 
(D 
R Q 

Y 
R 
5' w 

iD 

5 
P m E s 

D) 

9 
(D 

R 
0 
cn 
0 

0 

r" 
R 
Y 
0 
c-l 

P, 
Y 
(D 4 w ki 0 

w 
m 
g 
3 

0 

B 
5 
'd 

Y 

m 
(D s m 
0 
Y 

R 

g s 
R 
P 
CD 
Y 

0 
Y 
(D 

P h  

m 
0 s m 
0 
Y m 

3 
op 
w 
I 
P 

m 3 F 
Y 
(D 

(D a 
E 

R 

%' 3 

6 
0 -  7 

Y F 0 
R 

ij. 
P m 

8 s 
E 
Y 

m s 

K 
6' A 

L 
m 
m 
0 
3 
u) 
v) 

r 
m 
u) 

P 
v) 
71 
D 
0 
m 

_. 

- 

R 
P 
CD R 

P 
R 

m 

m 
0 
Y m 

g R s 
;s 
(D 

s 
% 
F: 

5' 5' 
;t 
0 

(D 
Y 

0 
R 

5' % e 
E 
(D 

0 
w, 

k? 
m 
g 
3 

(D P, m 

E (D 

a 

8 Y 
(D 

(D 
E 8 

E 
0 
P 

w 
I 
P 
W 

w 
I en 

3 
y" 
w E R 

El 
m 
0 
P m 
0 
Y m 

5' 5' E!? 
& 

0 

R 
Y 
0 
c-l 

c3 
E 
(D 

0 

8 
rt 

nY P R E 
P, 

w 
I 

CI w 
R 

g 5' i+. 
Y 
13 

it 

w, CI. 
Y 
% 

R 
P 
(D 

" 
w 

I 
p" 

8 
g 

w 
I 

"K 
R 
0 
c.3 

n 
0 
3 
D 
D 
2 

s 
" 

" 
w 

I en 
" 

8 iz E 
W 

I 
H 

w 
I 
P 
Fn 

g 
rt 
R 
P 
CD 

h 
P 8 

CD R 
(D 

m E 
h Y. Y 

(D 

8 a ? 8 
x' 
rt 
(D a 

" rt 
0 E 

W 

$ 
R 
P 
(D E!? 

c-l c-l " 

"A " I 
45 
45 3 

Y 
(D 
(D 0 w I 

or, 6 
R 



5 
0 x 

0 

_. 

r m 
u) 

Q 
0 

0 m 

W 
I 

N 
0 

2 
0 

w 
Ip 
W 

1 
w 
Ip 
CD 
I 
H 

w 
cp 
W 

& 
CD 
I 

d 
2 
Y 

l o  0 0  I 

-Q 
n 

Ut 
W cn 

a 
cp 
cp 

W 
W 
F 
Ip 

I 

I I 

P P P F  
W W W N  

W c p c p C D  
U l a a N  

. . . .  

s 
I a 
to 
I 

Q, 
Q, 

I co 



6 
0 -  

m 
m 
CJ 

- 
r m w 

I 
N u) 
I--' Q 

u) 
71 > 
c) m 

nnn 
0 bP, 
U Y Y  
' 

P + 
I 

W 

0 0 0  . * .  0 0 0  . . .  0 0 0  . . .  
P O 0  I 
O N N  

o c n c n  11s: :  o c n c n  ' 1  o c n c n  
P O 0  
0" 

0 0 0  . . .  I ? ? ?  I ?  ? ?  
0 0 0  0 0 0  0 0 0  

c n c n c n  c n c n c n  c n c n c n  
0 0 0  I 

0 0 0  O O N  q g x 9  ' 1  O O N  

an 
P, 
U 

n 
W 

- 

c1 

Z 
I 

Q, 
N 
I 

Q, 
43 

I 
or, 



R 

rn E % 
Y 
R 

cb 
Y 
CD rn rn 
0 
Y 
0 
Y 

0 
U 

* rn 
w 
I 
P 
4 

a rn z 
ii: B 

2 
CD 
F; 

rt 
0 
w 
w 
CD 
co 

N cn 2 
(D 
Y ” 

cn 
N cn w 

P, 0 

8 
in” 

’”0 
ti‘ 
ii: a 

0 

s z 
rt rn 

Y 

5: 
!5 
k! 

1-. 

r” 
% 

m 
!+ 
W 

H 
. I  

Y ” ‘d 
(D 

a 
g. 

P, a 
P, 
’b, 
%’ 
CD 

0 
R 

P 

i? P; 

PI2 

c 
0 
Y 

R 
0 
m 
I 

$ 

rn 
CD 
0 
0 s a rn ” 

” 

rn 
0 

0 
0 
F; rn 

0 
F= 
R 

rt 
P 
(D 2 

CD 

w. 
R 
Id. rn 5‘ 

8 
c 
c 
r” 

rn 
w 
P, 

a 
rt E 
0 

9 
P, 
R 

5’ a 
P, 
R 
l-. rn 
R 
P 
CD 
Y 

5 
Y 
CD 

w 
cc 

E 
5 

Y. 

F P, Y 
0 
6 
5’ E E rn 

rt 
P 
% 
5; 
0 

E w rn- 
3 
m 
m 
U 

P, ra Y 
0 
P 

R 

K F 
04 
P 

R 
0 

2 
E a 

2 
E”, 
F: K 

R 

E 
;;f E 
(D 

CD ” 

ip a rt. s w 
4 z U 

-4 
P, rn 

3’ 
I I  

’”0 rn 
rn g 

P 

0 

R iz 
rn 

3 
Q c 

Y 
9 

in g. 
F 

g Id. rn 0 

a z - 
r 
m 
u) 

R 
P 
CD rn 
CD 

5’ 
5 
cb g 

CD a 
CD a 

w 
I 
N 
N 

rt F Y 

P, 

CD 
E 

2 
CD 

3. Ip a 
P, 
R E. 

R r 
CD 
Y 

9 
CD 
R 

g a rn 

t;’ R 
f”, 
P 
R 
0 

2 
2 
5‘ w 

9 

? 
P, a. 

m- 
0 

R 

rn E Y E 
? 

Y 
CD a 
CD 

CD 
0 
Y R 

0 e 
% CD 
Y 
CD 
D 
R 

P 

5- 
& 
Q 
Id. P 
w. 

I 
H 0 m E? 

ii: 
P 

Y 

g. 
a 

x 
CD 
42 S 

‘-d 
s 
R 

P 

n 
0 0 

E 
R 
Y 
0 
P 

cb 
0 
Y 

0 s 
z 

i: 
Y ‘d 

CD 
Y 

a 5- 
t;’ a 

g 
R r 
CD 

H R P, 

rt F 
R 
P 
CD 

rn 
R 
E 

3 

l-. rt- 
CD rn 

Y 
CD 

5’ cb c 
R 

0 m 
R 

E rn 

E“, rn 
0 3 rn 5’ cb 

R 

% 
2 
CD 

e 
E”, 
9 

E a 
0 
R 

w* rn 
Y 

$ 

i: 
CD a 

Y 
CD a 
CD a 
$ E 4 cn Q 

% 
a 
QJ 0 

8 
P 

U. 3 
CD 
0 
rt 

0 

cb 
P, 
Y 
CD 

s Y 
CD 
0 

$ 
$ ., R 

0 m R 

R 

0 

P 
0 

w 
I 
P 
Q, 

0 

R 
Y 
0 
P 

E a F: rn 
(D a 

ji a 
CD 
Y 

5; 
(D 

0 m 
R 

5 rn 

I 
43 
t9 i? 

-4 
I 

U 

R 

0 

P 
0 

P, d z rt 9 

0 s I 
E a 

I 
Q, 
Q, 
I co 

5’ cn 
0 



c3 
h 

a E? +. 
M d 

I-. B I-. I-. a- 
I I  

I-* 

t-' 

a- 
II 

0 

I-. 
d 

I-. 
II II II II 

I I  II II I I  II 

a- +. - F 
Y r 

E -  
7i 
I 
m 
m 
0 

R 

m E 

3 
cn cn 
- 

3 
Y 
(D 

I 

w m 
m I 

c;3 Q w 
R F 
0 
Y 

a 
$1, m 

71 
D 
fl 
m k I-. 

t-h 
I-. 
t-h 

t-h 
0 

I-. Y a- 
V 

t-' 

+. - a- +. - 
Y M 

(D 
P B m 
I-. Y 
Ih 0 

A 

(D 

4 
+. Ih 

HM 
" 

R 
(D I 

00 



e 
5l 
Y 
CD 

c3 K 

I I  I I  
I1 

I 

#-!2()--L 
II 

!3 
Y Y 

2 a 
CD a 

b .  
0 
7i 

rt- 

E m 

c3 
#-. 

c3 
#-. 

II II 

t9 I--’ 
0 

0 
R 
rt- 

rr 
0 

r 
(D 

-> 

II 

U. 

t;; #-. 
l-h 

cd 
U. 

A A V 
0 I--L 

0 
ul 

Y 

#-. 3 
Y 

Y 
#-. 

CD e 
iz 

I 
45 
N 
I 

45 
45 

I 
ot, 

5’ 
S 
CD 



d 
g 

d 3 
CD 

0 .  

2 
CD 0 

rt. g 
Y 
P 

E;' 

i- 
CD a 
G+ v 
a 
$ 

I 
m 
m 
0 
P 
m 
m 

m w m 
Ip 

m 
-u 
D 
c? 
m 

_. 

r 
I 
N cn 

0 

a rn 
% 
CD 

c 
f", 
6i 2 

Y 
CD 

% 
CD 
F 
(D 

r 
& 
P 
t-h 
0 
Y " 
0 s rn 
0 
Y 

" 
ti' I--L 

IA 

IA 
i-* 

a 
0 

P. 

e" 
I 

45 
w 

I 
45 
Q) 

I 
00 

El 

?! 

0 a 
CD 



(D x 
0 
2 
f", 
G 
P. 

E 
F 

P. s t-h P. 

x 
8 

c: x 
8 
5' os 

Y E. 
(D a 

z? 
=; w 

5. s 
0 

0 

5 v 
(D m m 
0 
Y 

(D 
G! 
F: 
f", 

z 
Y 2 

3 

% 
(D 
Y 
P, cm 
(D 

m re 
% 
0 

Y 

% 
re 
P 
(D 

5 
(D 

5. P, 
'd 

'jy e. 
0 
Y 

m P. 

5 2. 
cm 

E? 
(D a 

m 
rt. 0 

8 
B s 
(D a 

F 6 
Y 

ti' os 6 t-h 
!2 F ,3: m e E m ; cs 

e 
" 

E 

w 
I 

N 
P 
re 
P 
Y 

cm 
P 
w 

2 

F: m 
CD a 

t-h P. 

CD 
Y 

cm 

x 

5' 

P, s 

cm E 
it- 
(D 
Y 

(19 
5' 

co 
P, a 
0 
E 

Y 

m 
(D a 
s. 

g 

B e 
g 
(D 

e 
Y 
(D 

w 
27 0 

Y 

E 
F 

e m 
2L 

re 
iT a 

P, 
% E 

0 
(D 

5 
(D 

eh 0 
3 

m ; Y 

(D 

P I  

% 

" 

m 

m 
0 
Y 

4 
Y 

P 
P, a 

G Y 

3 
t;' 

2 s m 

it- 
(D 2. 
cm 

tr 

(D 
Y 
E F 

5 
0 

x 
CD m m 

e E 2 
(D 
Y w 

0 

B 
74 

m 

9 5- (D 
I Q  e 

a 

I 
N 
A E a m 

(D re 

0" 
Y 

i 
2 m 

P. s w 
M 
(D s m 
0 
Y 

(D 

a 
(D 

4. 

2 

!a 
E 8 Y 

ii 
0 
E 

re 

E a 
m 
m 
CI 

co m m 
i;' s 

z (D 

Y 

a 
0 g E 

04 
P 

Y 

m 3. 
iL 

.@ h 
H 
5 tn 

Q, 
I 
U 

0 

l?l 

(D L Y 
(D 
0 

m B 
Q 

cm 

e 
0 

E 
0 
0 

2 
ti' 

(D a 

g 
Y Y 

5 
P. m 0 

rs 
4 

m 
P, 
E 
'b, 

ti' n E 
0 

w 
I 
4 

w 
g 
% 
"W 

I 

u) m 

m 
0 
Y 

g 0 
0 

'd 
E 
E 

rt. 
P 
(D 

r 
m w 

R, Q, 

' " N  I 

0 
P, e m 
(D 

e 
P, m m k? 

(D 

0 

B g 
(D a 

n w 
F: s 

rt- z 
Y a 

% c3 
& 
K 

0 m B 
E v 
(D a 

i.0 
re 
P 
CD 

m 
P 

$i 
% 
P, 

E a 
(D L 'd 

8 s- a 
% 
Y 

a i;' 

m 
% 
i; 
N 
N 
Q, 

z (D 

Y 
CD a 

(D 

a 
CD 
4. 

z 
t-h 
G 
6 
(D m 

0" 
Y 

5 
(D 

4. m w 
I 
4 

m 
P, 
is 

u) 
'11 
D 
c) 

P, 
Y 

0 
5 
27 

!a 
!5 m 

m 
9) 

x w 2 
3 
ti' cm 

c3 
P. c-3 B 

F 
P 
B 
re 
P 
(D 

rt. 
P 
(D 

5 
% 

Y 

0 
E 

co a E E m 

E 
ti' 

(D 
4-2 

ri (D 

a 

m 
(D 
0 
0 

"E 

m 

9 0 

B z 
(D m 

I "* I 
P, d w w 

E (D E 
Y 

I 
4 - 2 s m 

(D x 
'd 
0 
g z 
f", 
P. 

w 
(D 
Y E 

04 
P m 

5' E 
E cm 

M 
Q, 

"6 
rt. m 

g rt 
(D 
Y 
(D a 

rt 
P 
% 

m 
(D 
0 
0 

"% 

(D 

(D 
$! 
'b, 

E a z? x 
8 
P. 

tn 
Q, 

"A 
m 
Tu 

"A ti' I 
0 
Y a 
8 

Y 

0 
5 0 e m 

4 
8 

(D x 
0 
CD 
'd, 

B E 
m 

m 

m 

8 
a 

Y 

5 
(D 

w 
I 

Po 
8 
8 
P. 

F 
E 

m 
P, 
E 
F 

Y 
G E 

(3 
P 

ct- 
P 
0 

m P. 

(D 
Y 

(19 

=; 

ti' 
E 
I 

Q, 
N 
I 

Q, 
Q, 
I 

CQ 

E a F: 
u, 
(D a 

E a 3 
m 

ti' z 
I 

cd a 
8 

w 5 
% 

a 
; 

rt 
P 
(D 

tn 
Q, 

"& 
P. 

5 I 
to 
0 

rt. 
P 
CD 

Y 
0 m 

0 !i 
5' 

3. 
P 



8 
XI P 

r 
k 
P. 

(D 
Y 



7i 
I 
m 
m 
0 
3 
m m 
m w 

I w m 
00 Ip 

m 

(7 
m 
0 
0 
P 
P 
D 
z 
< 

_. 

- 
r 

3 

w w  w r p w  c n ?  pD .N c‘3 cp p p .rp Ip . . .  k P  0 tP cp .rp tp F” p 0 

o c n o o o o o o o o o o o o o o o o o  CI w 

U 5: 
rk 

f”, 

U 
w* 

e- 8. 
f”, 

I cn a 
I 

OD 



e 8 
(D 
Y 
CD 

E 
3 a 

H, w. 
Y 
"% 

0 m 

c3 

CD 
Y 
Y 
0 
Y m 

8 
i5 a 

(D 

! 
g 
E 
3 
R 

'd 
rj 
0 
0 
0 m m 
CD m 

0 

E 
2 
(D m m 

Ph 
x' m 

a 
P, 
P, 
R 

z 
9 
w 
I 
Po 
Po 

R 
ti: 

m 
CD 
0 
0 

E2 
(D 
Y E? 

P, g. 
m 
Ph 

% 
Y 
CD a 

Y 

m El z 
0 
Y 

E a (D 

E? 
'b, 

R 
0 

L;? 
c-' c-' 

2 
(D 

m 
P, 
E? (D 

Y 
Y 
0 
Y m 

R K a s 
P) 

8 5 
P 

% x 
Ll 
0 
Y 

M 
03 

"& 
e b 

a 3 
Y c 
(D a 

s 
% 
0 

R 
0 0 

0 a 
e 

" R 

g E? s 
"& 

3. 
E 
5 &? 

8 % 
2 
m 
(D 

CD a 

P, 
3 8 

(D 
Y 
0 

F m 
0 a 

0 

3 
2 3 

0 
z P, 

(D 
R 
" 

3 
Y 
R K 

2 
Y 
CD 

Y 
$ v1 

(D 
3 m 
0 
Y m 

m 2 m 
P, 
E? E 

tn 
CD a 
R 

g 

0 
P, 
5 

R K m 
(D 

0 

8 
'd 
Y 
(D m 
E. 
8 

w. R F m 
(D 

P 
ti' 
09 
0 
M 

m g 
(D 

5' 
K R 

2 
0 m 

8 
8 0 

'd 
Y 

m 

8 
2: 

m 
m 
0 

0 

g 
R 
Y 
E 

s 
5' 
P, 
R 

a 
E 

-3 
" 

I 

CD 
Y 

$ n 
8 
CY 

(D a 
5' 

a 
(D 
0 5' 

2 
B 
w 
I 

W 

c3 
g 

Y 

0 
5 m 
R 
Y 

CD a 

R 

R 

W " a 
F. 
0 
5 

s' 
09 i;: 

(D a 
dr3. 
(D E a B 

u) 
'd 
0 m 

F 

'd 

P, 
R 
E? 
3 
(D 
Y m 

P 

E: 

09 

g 
ti' 

5' R 
P 
CD 

0 

R 
Y 
E 

" P 
g 

8 

E* 
09 
0 

R 
Y 

- 
r 
cn I 

w m 
t: 

R s 
s 0 

m 

E 
R 

R F 
" 

R 
0 rb 

QJ W 0 

8 
R 
Y 
E 

9 R 

(D 

E? 

0 

(D m 
M 

g 
" 

0 
Y 

P 
(D 

R 

f R 
a 
P, 
R m 

B 
R !z cn 

71 
D 
(7 
m 

0 

8 z 
(D m 
0 
5 
E. 

E a 
P 
(D 

m 

R 

8 
$ W 
E? 
0 
Y 

" 

0 

8 
'd 

(D a 
R 

e 
E 
09 

3. R 

g 

5' 
2 e 

F 
R 

R 
(D 

P, 
Y 
(D 

a 
P, 
P, 
rt- m 

g 
8 m 

R 
0 

L;? 
R 

z. 
E a 
(D a 

3 
(D 
Y m 

6 
0 
0 

"K 3 
P 

E? 
2 
0 E: m 

(D a 
8 
x' 
P 

3 
(D 

0 

R 

1: 
e 

R c 
R 

u 
0 
I-* 5' R 

g F 
5 

A 

m F P, 
E? 
g 
09 

5' m 
P, 
E? E 

m 
E? 
E 

c-' E 
m 
0 
R 

R 

g 

(D x 
2 

5' 
09 

w 
I 
2 

m 
P) 8 m B I 

R 
P 
(D 

i-c 
b 

(D 
'd, 

P, P 
'b, 
%' 
(D 

z 
E: 
(D m 

td w c3 K Y 

m E? (D 
Y 
Y 
0 n 

W 
5 5' 

a y' 



c9 w N 

I I 

- 
r 
m w 
u) 

Q 

I w 
0 

r a + +  
w o o  
. . .  r w 

0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0  

a + + + + + + +  L+acp+Ip++cpp  . . . . . . . . . . . . . . . . . .  r a w r  

w o o o o o o o  400 
cn+*+*++p+*cp y a m  . .  . .  

m 
w 

a m m c 9 m c p  N c p  
a r w c n w a c n w  u l w a  . . . . . . . . . . .  



6 
c) 
7i 

lJ 

3 
u) 
_. 

0) 

r 
m 
u) 

Q 

- 
0 

I w + 

d 

CD 
Y 
& 
Y 
CD 
P 
g. 
5 

m 
Ei 
E m 

P 
Y 
m 
CD 
0 
0 p 

cn 
I m 



r 

8 -  x 
I 
m 
m 
0 
3 
m m 
- 
- 
I- 

0 
I 

k3 
La 

h m 
QJ 

g 

E 
R 
(D 

8 

m 
(D R 

R 
0 
cn 
P 
P 
rn 
P, 
3 
E m 

2 

B a 
c3 E 

$ 
4 

2 

Y 
rn 
(D 
0 

rn 
Y 

F: 
R 

R 
(D 

'd 
Y 
0 a 
(D a 
P, 

g 

i 
8' 
% 
(D c 
(D 

m 
(D s rn 
0 
Y 
E" 

2 
rn 3 

E R 

-3 

(D 

CD 
xo 
'6, 
R 
P 
(D 

R 
P 
(D 

0 

8 s 
cc" 
% 

E. 
3 
E 
R 

t-. 

R 
P 
CD 

(D a 

R 
(D 
Y 

5 rn 

P, a 
(D 

3 

5' 
3 
E. 
R 
(D 

rn 
0 

3 
R s 
R 
P 
(D 

P, a 
P, 
'b, 
%' 
(D 

0 
(D 

R 

c-l 

z 0 

(D 

rn 
2 
3 
5' 
2 x 
8 

R 
0 

0 

P, 

? 

P, 

(D 

rn 
R 

2 
3 
5' 

G 
% 
R 

%' 

R 
(D 

n 
0 s 

(D 

(D 
0 

(D 

m rn 

R 

" 

x' 
'd 
Y 

(D a 
0 
d 
(D 

6" 
R 

E 
(D 

0 
Y 

2. 

5' 

B 
4 
g 

?P 

Y 
(D 
0 

Y 

R 
(D a 
a 
P, 

2 
(D 

B m 
R 

Y 
(D rn 
R rn 
E 

2 
iz 
R 

m 
E 
$ 

!t 

s- 
a 
P 
P, 

R 

R 

P, a 
P, 
4 
2' 

r 
CD 

0 

Y 
P, 

(D 

R 

P R 

(D 

3 
2 x 
8 
0 

(D a 

PJ 

'6, 
2' 

8 
g 

(D 

0 
CD 

R 

c.l 

(D 

9 c 
(D E. 

R B 
(19 
0 

Y 
12. 
8 
2 
P, 
Y rn 
R 
0 
d 
(D 

P 
(D 

0 
Y 
(D 

a 
(D 
u1 

R 

3 

z 
? 
E 

z 
I 

45 
f.3 
I 

45 a 
I 
to 



6 
0 -  
x 
I 
m 
m 
0 
K 
v) 
v) 

m 
v) 

Q 
0 
-u 
D 
0 
m 
I) 
0 
z 
-0 
D z 
4 

- 
- 
r 

w 
I w 
w 

M x b m N M  
Y b b u b r  
b m M r % r  'b, 
r u r  cd cd cd 2lDl5:E 

A. 
.. .. .. .. .. .. .. .. .. 

g g 8  8 8 8 8 8 8 

0 0 0 0 0 0 0 p p . . . . . . .  
c D w w w w w w w c B  
a c n P + + P o P a  

F F  
a a  
0 0 0 0 0 0 0 0 0  

r 
x F. 
8 

z 



'd 
Y 
CD rn E. 
P 

E 

e w 

rt- 3 
CD 

0 

8 
m 

!! 
3 
CD 

0 

8 g 
(D a 

m 
CD 
3 m 
0 
Y m 

3 
Y rn e 

rt- P 
R 

U 
io 

P 
5 w 

0 

Y 
3 

ti' e 
0 CD 

Y 
Y 
0 
Y m 

w 
K e 

s c. 
0 rn 

P. ro m 
P, 
9 
%5 

5' 
rt- 

M 
I 

Q, 

R 
P 
R 8 x: 

P E? 

g. 

CD 

z w 
0 

rn 

Y 

0 
g E? s 

a 
P, 
P, 
rt- 

x" 

E 

'd 
0 

3 rt- 

w 
E 
0 

5' w 
g 
0 

iD 
% rn 
0 

* 
P 
CD 

0 

8 
83 
ro 

'd 
Y 

rn 
P. 

R lr 5' r 
0 -  
0 
?i 
I 
m 
m 
0 

3 
w 
w 
r 
m cn 
Q 
w 
-0 
D 
c) 
m 
0 
0 
3 
D 
D 

- 

P, 
Y 
(D 

" 
rn 
P, 
9 
E 

9 
w 0 

2 
CD a 

rn 
0 

m 2 3 
R 
rn 
CD 

CD 

8 
x' 
P 

rt- 
P 
R ti' 

g 
rt- E 

6 
Y,. 
& 

R 

g m 
0 
Y 

0 

w 
Y 
CD rn 

8 

E. 
8 

M 
I os 

CD a w 0 

E 
CD a 

2 
'3' 
e Y 

(D 
0 

i2 
4 
Y 

R 
0 a 

3. 
rt- 
P 

a 
P, 
R R 

P 
Y 
CD 
CD 
rn 

k' 

rt- I? 
0 
Y 

0 w E a g 
P 
CD 
Y 

0 

rn g a 
(D 
0 
Y 
0 
P, rn 

Y 

0 rn 
R 
P. 

1 rn 
rn 
% 

? 

s 

R 
0 

es os 
a, 

Y 

# 
g2, 
CD a 

CD a 
0 
M 
E 

R 

g m 
0 CD 

P 
Op 

z. &I- 
CD g. 
m 

Y 
R 
'3' 

0 : 2 
% 
0 m 
w 

W 
I 

.R M 
CD 
P m 
0 
Y m 

- .  " 

0 z 
E 
CD a 

2 
0 
G 

(D 
E 

- .  

c3 z rn 
z 
-< rt- 

P 
Y 
(D 
CD 

R 
P 
CD 

P 
rp " Y 

CD rn 
R 
E 

8 x: 
F 

W 
4 " 

M 
I 

rt- 
P 
CD 

rn 

m 
0 
Y rn 

B M 
b 
q 
cd 

E a E 
gl, 
0 
og 

8 Ii 0 
m 

3 
CD 

I os 
N !3 

z 
Y 
rt- 

rn 

* 
0 E? 

CD 

0 

E 
I 

UI 
0 5' I 

Q, os 
I 
a, 

L P,. 
Y 
CD 

a 
P, 
tu R 



w 
4 

cn 
0 

5 
0 -  
A 
I m m 
0 
3 
cn cn 
m 

- 
- 

w 
I 

r 
cn w 

c-1 
P, 

? 
w 

I 
P w 

N N N N N N N N N  

cn Q 

h m 
0 
0 
3 
D 
D 
z < 

gg8 8 8 8 8 8 8 gg8 8 8 8 8 8 8 gg8 8 8 8 8 8  8 

r r r r t ” w w y y  . .  . . . .  

o o o o o o + o Q )  
0 0 0 0 0 0 0 0 0  



0 a 



5 
0 
71 
I 
m m 
0 

3 
# 
# 

m 
# 

Q 
cn 
lJ 
P 
0 
m 
0 

- 
- 
r 

0 
3 
-0 
9 

w 
I w 
4 

% 
2. 
0 a 
P, 
Y 
(D 

rn 

B 
P, rn 

w 
4 

& 
(D 

!Jj 

5 rn 

w 
I 
0 
t9 
P, 

w 
I w w 
P, 

n 

1 

E 
Q 

a 
P, * 
f" 

Y 
Ip, 
R 

El 

2. 
rn 
0 
0 
P s 
(D rn rn 

* 

0 

Et 
(D 

ck 
rt- 

m 
I 

w 

Y 



2 
0 
Y 

I?, 
rt- P 
(D 

m 
3 
ii: 
is 

m 
(D 
%’ 

e 
% 
$ g- 
I?, 
rt- 
P 
(D 

Y 
(D 
0 

g 
% 
Y 

rt- 
(D a 
a 
P, 
P, 
rt- 

e 
2 

is 
i;’ 

is 

Q 
Y 

rt- 

g 
E. 
Y 
(D 
P, m 
g 
3 

g 
Y 
rt- 

e 
E. 

8 
5’ 

g 
2 
E. 

3 

n, 

c-l c-l 
0 

09 
0 

c 
0 
Ft m 
P, 

a 
(D 

$ 
a 
x 
Ei 
T 
E 
% 
3. 
is 

E 

rt- 

(D 
Ft 

Y 
(D m 
rt- 
E 
?? 

M 
I 

Q) ” 

M x 
0 
Y 
(D 
Y 

’b, 

x 
5 
H 

m 
(D 

” 

R 
E 

% 

4 

b-- rt- 

rt- 
(D 

8 

$ 
a 

P, 
Y 
(D 

e 
2 
e 0 

cc: 
P, 

8 
E 
2 

i;’ 

(D 

cc: 
0 
rt- 

rt- 

m 
(D 

a 
P, 

g 

rt- 
f” 

E 
0 
0 
Y E 
w 
0 
0 

m 
0 
Ft 
0 

rt- 

g 

3. 
2?: 
2. 

e 
P, 

(D 
Y 
(D 

F a 

ti’ 
2 c 
z 
E 

rt- 
(D 

(D 

77 

3 m 
is 

? 
M 
3 
rt- 

8 

8 
’d 
(D 

Y 

P, 

(D 

is 
E 

3 
$ 

3 

m 

m 

(D a 

Y 
i: 

2. 
s 
0 c m 

I 

P, a e c 
0 
Ft 
P, 
a 
(D 

P, 
E 
(D a 

rt- 

B 
g* is 

c ro 
0 

P 
(D 

P, 

m 
rt- 

g 
’d, 
%’ 

% 
(D 
rt- 

(D 

i3 0 

3 rt- 

“B 

(D 

rl 
0 
P rt- 

5. 
E 

g 

rt- 
P 

a 
e 
b-. rt- 

c rt- 

3 
(D m 
0 
I+ 

s 
(D 

Ft m 
0 

rt- 

E. 

ro 

4 

Y 
0 
c-l 

B 
is m 
u 

c m 
(D a 
0 
rt- 

f”, 

4. 
w 
(D 

?i 

F 

rt- P 
(D 

’d 
Y 
0 

is 
% 

2 
rl c 
CD 
Y 

3 
Y 

F e 
ti’ 

9 
2 
gs 
W 

I w 
Q) 

rt- 

3 
c, 

5’ 

is 
G: 

is 
E. 
os 
5’ 

5’ 
jr. 
R 
3 

E 

(D 

m 
(D m 

E 
P, 
Y 
(D 

b-. m 
Ft 

P, 

W 

rt- 

0 
m 
ul 
0 
Y 
w 
4 

E E 



r 
E -  x 
I: 
m 
m 
0 

- 
r .  
m W 

I 
W 

m 
co Ip 

m 

(7 
m 
;5! 

2 
-i 

3 
Y a 
s 

E 

3. 
zt P, 

rn 

e z 

E 

rn 

3 

g 
a 

0 

i! 
G z 
F: 
CD 
+. m 
e- 
P 
CD 

g. 
Y 
CD 
P, rn 
(D a 
K 
3 
3 

c. c 

Y 
CD 

i? a 
R 
0 

g 
E 
0 

rn 
CD a 

a 
P, 
R 

rn 

rn 
0 
Y rn 

!l 

5’ 
R 
g 
a 
2 
G 

E 

a 

1 
rn 
CD 
0 
R 
0 
Y rn 

% 

3 
E 
E r 
4. 
R 

P 
% 

a 

CD 
e- 

CD 
G 
CD 
d 
E. z 
43 
2 
0 

5 
9 

e 
P 
3 
t;’ 
E rn 
0 
P, 

rn ’do 
E+ 

R F 

+. I-- +. 
G 

P 
8 
’d, r? 
E 
B 

e- 

R 

0 m 
d x: 
’d, 
E 
CD 
CD 

09 

0 

P 
CD 
m 

I 

R 

e- 

g 

ccr 

8 
3 
Y 
CD 

Y 
%. 
K 
E 
4. 

R +. 

R 
P 
Y 
CD 

E 
E 
E 
Y 
CD 
is 8 

E;’ 

B 
5’ 
’do 
ti’ 

P 

x’ 
8 
f 
5’ 

7 

P, 

R 
CD a 
F: 

P, rn 

F 
N 

kP 

0 
Y 
P, 

” 
m 

% 
2 
a 
i;: 

$’ 

v 

cc 

E 
F: 
CD rn 

Y 
0 

E g 
5’ as 

Y 
CD 

E 
F 
4 
9 
2 
E 

Y 
CD 

e- 
(D 

E 

E 

$’ 
g rn “ 

R 

g 

8r 
e 
B 
3 

P 
is 
% 
% 

a 
0 m 
R 

Y a rn 
R 

rn 
c 

R 
P 
CD 
Y 
CD 

t;’ 
P, 

0 a 
2 

P, 

.CD 

0 

s 

P 
Q 
a 

E 

e- 

e- 

CD 
Y 

e- 
?- 
8 

x’ 
t;’ 
rn 
F: E 
% 

!% 

CD a 
P 

rn 
(D s rn 
0 
Y 

R 

2 
B 
5 

E? 

f”, 

rn 
Y 

R 
?- 

0 
09 

a E 
e: 
9. 
“E 

0 
0 s z 
% K 

x’ 

a 

I-..’. rn 
s 
CD 

rn rn 
2 

5 

5 
E 

E rn 
0 

0 
?I- 

G 
rn 

CD 

CD 

a 

9 
R 

g 
a 
B 
0 

3 I-- 

?I- 

e- 
O 

P 
CD 

e 
8. 
E 
rn 
CD s rn 
0 
Y 
I” 

rn 
CD s rn 
0 
1 
% 
09 E* 
0 

R 
Y 

t;’ 
4. x 
G 
5’ 

E i  

3 
CD 

0 

c c. 
? 
c3 
E 
i;’ 
rn 

rn E 
CD 

t-L 
h 

Y 

P, 
Y 

P, 

c 

% 
c. 

8 
x’ 
P 

I 

0 

E 
$ s 
-Q 

R 

-I 

5’ 
e- 
P 
0 

%? 
0 
H-J 

0 
0 
0 
0 
0 cn 
?I- 
0 
0 
0 
0 
0 
P 

2z 
I 
03 
ts 

I 
03 
03 

I 
OD 



R, 
cn 
TI 

crl 

0 
h 

200 

150 

100 

50 

0 

h m 
R .UN S49-B: NO QUEUING CONTROL 

s 
A 

RUN S49-E : COMPRESSION RATIO MONITORING 
,. 
m 

150 

100 

50 

0 

RUN S49-F: QUEUE LENGTH MONITORING TIME (SEC) 

Fig. 3-1 Queue Length Behavior With Adaptive Tolerance, S-49 Data 



m 
m 
0 

h RUN S49-B: NO QUEUING CONTROL 
8 

i 2oo 
% 150 
m 
8 100 E 
2 
4 

w 
@ 

50 

3 0  3 4 0 . 7 9  3 4 0 . 9 9  3 4 1 . 1 9  3 4 1 . 3 9  3 4 1 . 5 9  3 4 1 . 7 9  3 4 1 . 9 9  3 4 2 . 1 9  

RUN S49-E: COMPRESSION RATIO MONITORING 

150 

100 

50 

0 

RUN %9-F: QUEUE LENGTH MONITORING TIME (SEC) 

Fig. 3-1 Queue Length Behavior With Adaptive Tolerance, S-49 Data (Cont'd) 





r 
0 
0 
7; 
I 
m 
m 
U 

x 
m 
u) 
r m 
m I 

fP w 
m 
-0 
9 
0 
m 

- 
- 

w 
cp 

CI 
0 
3 
71 
9 z < 

Fig. 3-2 Sensor 37 Reconstructed Data, Run S49-B: No Queuing Control 

ls 
I cn 
N 

I cn cn 
I 
W 



6 
n 

m 
n 
0 

__.- --.- ---. . . . . . . .  . . . .  . .  

TIME (SEC) 

!z 
I 
d 
Po 

I 

Fig. 3-3a Sensor 37 Reconstructed Data, Run S49-E: Adaptive Tolerance, Compression Ratio Monitoring 



TIME (SEC) I cn 
Y 
ci, 
Q) 
I cn Fig. 3-3b Sensor 37 Tolerance Variations, Run S49-E: Adaptive Tolerance, Compression Ratio Monitoring 



71 
I 
m n 
0 
x 
u) 
u) 

m w 

Q 
u) 

0 
m 
c) 

- 
- 
r 

cn h 
43 

9 

200 

100 

0 
3 4 0 .  3 4 0 . 1 9  3 4 0 . 3 9  3 4 0 . 5 9  3 1 0 . 1 9  3 4 0 . 9 9  1 4 1 . 1 Y  3 4 1 . 3 9  

.- 
- .  
. .  
m . .  
. .  
. .  
. .  
. .  

TIME (SEC) 

Fig. 3-4a Sensor 37 Reconstructed Data, Run 549-F: Adaptive Tolerance, Queue Length Monitoring 

I 
43 
N 

I 
Q, 
Q, 

I 
00 



6 
0 
?i 
I 
m m 
0 
3 
cn cn 
- 

r 
m 0 
u1 
R, 4 

1 
cn 
-0 
D 
0 
m 
0 
0 
3 
D 
9 
Z 

TIME (SEC) 

Fig. 3-4b Sensor 37 Tolerance Variations, Run S49-F: Adaptive Tolerance, Compression Ratio Monitoring 

h m 
E 
8 
P 

w 

! w 
4 
8 

Is 
I 

Q, 
to 
I 
a, 
Q, 
I 
a, 



6 
c) 

m 
0 
1 
u) 
0 
r 
m 
u) 

Q 
u) 
TI 
b 
c) 
m 
c) 
0 
1 
71 
b 
2 
< 

- 
- 

w 

00 
h 

Y 
6 
w 

I 
UI 

2 
Et 
P 
Y 

2 
9 
Y 
c)- 

P 

Ki: TOLERANCE FOR SENSOR i 



0 
0 

2 0  

1 9  

1 8  

1 1  

1 6  

1 5  

1 4  

1 3  

1 2  

1 1  

1 8  

9 

8 

1 

6 

5 

4 

3 

2 

1 

I 

80 

7 0  

6 0  

50 

4 0  

30 

2 0  

10 

;, .$ 

. . . . . . . . , . . . 

1 1 .  I U .  1 9 .  L. a : .  . .  I t .  

TIME (SEC) 

Fig. 3-6 Characteristic Tolerance and Queue Length Behavior, With Integral Feedback Added 

I cn cn 
I 
a, 



m 

I 
Q, 
tw 

I 
Q, 
Q, 

Fig. 3-7 Typical Reconstructed Data, With Integral Feedback Added I 
a, 



6 
I) 
7i 
I 
m m 
0 
P 
u) 
u) 

m 
u) 

R, 
u) 

I) 
m 
I) 
0 
P 
D 
B 
2 
-< 

- 
- 
r 

;E! 

P 
/3 = 0.025 

/Q 
/3 = QUEUELENGTHFEEDBACKCONSTANT Q 

1 1 I I 1 I I I 

1001 1 0.001 0. 
PI : INTEGRAL FEEDBACK CONSTANT 

Fig. 3-8 Maximum Tolerance Variations, With Integral Feedback Added 



E; 

I I I I I I I I 

0 
7; 

I 

I 
m 
m 
U 

3: 

3c 

h Cn 
E 8 2E 

2 20 

2 
w 

w 
4 
0 
E 

15 

F 
4 

10 

5 

= 0.025 

= 0.05 

= . 0 . 1  

= 0 . 2  

= 0.4 

Fig. 3-9 Average Tolerance Variations, With Integral Feedback Added 



6 
0 -  x 
I 
m 
m 
0 

30 

25 

20 
h 

z 
3 
0 

$ 15 
2. 

3 w 
I4 
0 
b 

10 

5 

0 

- 

' 

FIGURE OF MERIT,  fm 

MAXIMUM TOLERANCE.  Kmax 

AVERAGE TOLERANCE 

MAXIMUM QUEUE LENGTH, nmax 

I I I I I I 
0.03 0.1 0 . 3  

p : QUEUE LENGTH FEEDBACK CONSTANT Q 

Fig. 3-10 Control System Behavior Without Integral Feedback 



6 
0 x 
I 
m 
m 
U 

3 
w 
w 
r 
m 
w 
Ip 

w 

0 
m 
0 
0 
3 
71 
D 
z < 

- 
- 

3 

250 

20c 

150 

10( 

.. .. 

3 5c 
B 

C 

/3 = QUEUE LENGTH FEEDBACK CONSTANT Q 

I I I I I I I I I 
0.0001 0.001 

PI: INTEGRAL FEEDBACK CONSTANT 'i: 
I 
0) 
R3 
I 

Q) 
0) 
I cn 

Fig, 3-11 Maximum Queue Length Variations, With Integral Feedback Added 



5 
0 
z 
I 
m 
n 
0 
3 
v) 
v) 

m cn 
Q 
u) 
TI 
D 
0 
m 
CI 
0 
3 
71 
D 
z < 

- 
- 
r 

6 -  

5 -  

Li 
i2 4 -  
Fr 
0 
w 
P4 
=, 
Fr 
s 3 -  

.. 
E! 

+i 

2 -  

' 1 -  

I 1 1 

7 

= QUEUE LENGTH FEEDBACK CONSTANT pQ 

p,: INTEGRAL FEEDBACK CONSTANT 

Fig. 3-12 Figure-of-Merit Variations, With Integral Feedback Added 



QUEUE LENGTH (SAMPLES) TOLERANCE (COUNTS) 

m- . .  
. . . .  . . . .  

~ . . .  

. . .  

... . . .  . . .  1 

- . .  . .  . .  . .  . .  . .  . .  . .  . .  - . .  . .  . .  . .  . .  . .  . .  . .  
. .  -- . .  
. .  . .  . .  . .  . .  . .  . .  - . .  
. .  . .  . .  . .  . .  . .  . .  
. .  - 

I . .  . .  . .  . .  . .  

. .  . .  . .  

. .  . .  

. .  . .  . .  . . .  . . .  . . .  
. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . .  . . . .  
. . . .  . . . .  . . . .  . . . .  

+ 
. . . .  . . . .  . . .  . . . .  . . . .  

-r: . . . . . .  
. . . . . .  . . . . . .  . . . . . .  . . . . . .  
. . . . . .  . . . . . .  . . . . . . .  . . . . . .  . . . . . .  . . . . . . .  . . . . . . .  

- . .  . .  . .  . .  . .  . .  . .  . .  
. .  
I . .  . .  
. .  . .  . .  . .  . .  . .  . .  - . .  . .  . .  . .  
. .  . .  . .  

: ! : : : I : : :  :Ti . . . . . .  . . . . . .  
. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . . .  . . . . . .  

. . . . . . .  

- 

- I :: i t  

. . .  . . .  . . .  . . .  . . .  . . .  

. . .  

. . .  . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  

. . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  

. . . . . . .  . . . . . .  . . . . . . .  . . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  

. . . . . . .  . . . . . . .  t . . . . . . .  

. . . I ; ; ;  . . .  

. .  

: # # / A !  . . .  

. . .  . . . . . .  . . .  . . . . . .  

i2 a 
2 (D 

w 
I en 

;jiiili;: . . . . . .  
. . . . . .  . . . . . .  . . . . . . .  

. .  . .  . .  

. .  . .  - . .  

. .  . .  . .  . .  . .  . .  .. . .  - . .  . .  . .  . .  

4 . . .  
. . .  
. . .  . . .  
. . .  . . .  . . .  

; j i ; j : j _  . . . . . .  
. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

. . .  

. . .  

8 
P 

: f : : : t : : :  
. . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  7 . . . . .  

.,. t . .  :::I::: . . . . . .  

. . . . . .  
. . . . . .  ; ; : I ; ; ;  . . . . . .  
. . . . . .  . . . . . .  
. . . . . .  . . . . . .  1 i! 

M 
v1 
M 
Q 

h 

Y 

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  I . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  
. . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  
. . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  

~ . , I : : :  . .  . . . . .  

T . . . .  . . . .  . . . .  . . .  . . . .  . . . .  . . .  . . . .  . . .  - 
...  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  - 
. . .  . . .  . .  . . .  

. . .  . . .  . . .  
I . .  , . . .  , . . .  I .  . +. 
* . .  1 . .  

. . .  
1 : : :  

i . :  
, .  

c- -. . i - .  

. . . . .  

+ 
1 
1 

. . .  . . .  . .  . . .  . .  
I 
Q, 
N 

I 
Q, 
a3 

I 
00 

1 . .  
:::- . . .  

. .  
i . .  

.... 



- 
r 
m 
u) 

Q 
cn 
TI 
D 
fl 
m 
n 
0 
3 

w r 
I CD cn 
-;I 

P 5 

QUEUE LENGTH (SAMPLES) 

CL 
0 

0 0 

c.3 
0 
0 0 

CL 
0 
0 
0 

TOLERANCE (COUNTS) 

to 
0 
0 
0 

w 
0 
0 
0 

t . . .  

. . .  ... ... . . .  



0' 
0 
R 
I 
m 
m 
O 

m 
c1 
0 
3 - 
71 
D z 

E a 
Q CD 

w r 
I CD cn . .@i P 

QUEUE LENGTH (SAMPLES) 

CL p.3 
0 0 

0 0 0 

t.L 
0 x 

I . .  . .  . .  . .  . .  - 
. .  . .  . .  . .  
. .  . .  . .  . .  . .  

-. 
. .  . .  

TOLERANCE (COUNTS) 
p.3 
0 
0 
0 

w 
0 
0 
0 . _  . . . . . .  

+: . . .  . . . . . .  ... . . .  . . .  ... 
I_ 

* . I  ... ... ... ... . f .  ... * . .  ... 
I ... ... ... ... ... ,.. ... ... 

. . .  . . .  . . .  . ._ - .... ... ... ... ... .... ... ... ... - 
i . .  ... ... ... ... ... . . .  ... . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  f . . . . . .  

. . . . . .  : : : j / : j ~  ... 

. . . . . .  . . . . . .  . . . . . .  . . . . . .  

.-.- -.-* . * -  _.- . - -  ~ . - -  . . *  --. .-- .... . - -  .- .  .-. . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  ...... . . . . . .  
~ . . . . . .  

I 0 

. .  

. .  

. .  . .  . .  . .  . .  
* .  . .  . .  . .  
. .  . .  . .  

s 
I 
a, 
N 
I 
a, 
Ga 

I 
00 



6 
c)  

c)  
0 
3 
71 
D 
z 
< 

w 
I 
P 
rp 

A> 
0 

(D Y 

cn I % 

cn 

I 
H 

QUEUE LENGTH (SAMPLES) 
TOLERANCE (COUNTS) L 

u .) o a 0 
- 0 

0 - 0 0 

" 
0 0 

o 
L.. N 0 0 0 0 D 0 0 0 

Is 
I 
43 
p.;) 

I 
43 
43 
I 
M 



6 
0 x 

z 
-< 

w 
I 

G 

w r I 
Q) o g  

P 

Y 

cn 
CP co 

I 
H 

QUEUE LENGTH (SAMPLES) 
w Is 
0 0 

0 0 0 0 

h7 
0 
0 

TOLERANCE (COUNTS) 

0 

Q) 
0 
0 

co 
0 
0 . . .  . .  

. .  

. .  
. . .  . . . .  -. .... . . . .  .... . . . .  . . . .  
. . .  .... . . . .  . . . .  -- 

. .  

. .  . . .  . . . .  
I . . . .  . . . .  .... .... . . . .  . . . .  . . . .  .... .... - 

w 
0 
0 
0 

.................... .................... .................... .................... .................... ..................... ..................... u1 ..................... 

..................... ..................... i i i i 1 r i i i t i i i i t i r i i 1 :  . . . .  ::: ... ... ! : : : : ! : : : : l : : : : l .  : 
::::/::::/::::/::::/... ; ............ _... . . . . .  .................... , 
, ..... -. ............ , . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  .... . . I ,  .... . . . I  . . .  .................... .................... 4 ..................... 

I ..................... 



6 
0 
71 
I 

cn 
-u 
D 
0 
m 

E a 

w I? Q ) l  I 

w 
P 
w 
CD 
iir 

QUEUE LENGTH (SAMPLES) 
F N 
0 0 

0 0 0 

. .  
I 

"_. 

... 

.-. 

. .  . . .  -- . . .  . .  
. . .  ... . . .  . . .  . . .  
. . .  . .  
-I . . .  . .  

. .  . .  

--. 

.-. 

_.. 
. . .  . . .  . . .  
. . .  . . .  . .  . . .  . .  

-I 

. . .  

N 
0 
0 

. .  --. 

. .  
, .  
. .  
. .  . .  -. 

i_. 

._. 

.-. 

TOLERANCE (COUNTS) 
Q) 
0 
0 

$l 
0 

ca 
0 
0 

CL 
0 
0 
0 

. .  . /  

. . .  + . a  

. . . .  . . .  . .  
: : : . I  : . :  
.... 1:: :: . . . .  %;I?;\ . . . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  

. . . .  , . . .  ;? 

. . .  , . . .  . . . .  / . . .  . . . . . . . . .  



6 
c) 

0 
Y 

TOLERANCE (COUNTS) - 
-I 0 0 u n * 
0 0 0 0 0 
0 n 

L u w c 
D D 0 0 0 0 - 0 0 0 0 0 n 

0 

w 



I ;  
0 x 
I 
m 
m 
0 
3 
m 
m 
r 
m 
m 
Ip 

m 
71 
D 
0 
m 
0 
0 
3 
71 
D z < 

- 

es 
I 
F 
Cn 

E a 

h 
0 
0 
D 

a 
Y 

QUEUE LENGTH (SAMPLES) 
N 
0 

0 0 
C-L E.3 

0 
0 0 

TOLERANCE (COUNTS) 
Q, 
0 8 0 0 

I . . . . . . . . . . .  . . . . . . . . . . .  
. . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  - 

C-L 
0 
0 
0 

1 ; :  
: : .  
i : .  



6 
cl 

t? 
CD 

I? w CD 
I $ 8  v 

W 

E 2. 
Y 

m 
Ip 
CD 
I 
4 

QUEUE LENGTH (SAMPLES) 

+ N 
0 
0 

0 
0 0 0 

N 
0 
0 

TOLERANCE (COUNTS) 

cn 
0 

Ip 
0 
0 0 

cx, 
0 
0 

-- 

. I .  . . .  1 . .  . .  . . .  

. . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  

. . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . ..... 

+ 
0 
0 
0 

; ; I ;  .... ;r,aa ;;;;I:;;: ::: ....... ;::: 
II .... ....... . . . . . .  . . . . . . .  

- I ' I  I I 

E 
I 

43 
N 

I 
43 
43 

I 
or, 



200 

100 

0 

300 

200 
h 

0 
2 0  

E -100 1 -200 
r4 

-300 

TIME (SEC) . .  

Fig, 3-16 Sensor 50 Reconstructed Data, Run 5349-1: &ueue/Integr al-Queue Control 
I 

W 



TIME (SEC) 

Fig. 3-17 Sensor 50 Reconstructed Data, Run S49-J: Queue/Integral-Queue Control 



6 
0 -  
7i 
L 
m 
m 
0 

u) 
r 
m 
u) 

P 
ul 

0 
m 
2 

w 
I 
P 
00 

b.: 1 EXPONENTIAL FILTERING FACTOR FOR SENSOR i 
P 

0 
O I  

I 
I I 
I I 
I I 
I I 
I I 

=l 
I I 



m 
m 
0 
3 
tn 
tn 
r 
m 
tn I 

Q co 
tn 

n 
m 
n 
0 
3 
-0 
D 
2 
.( 

- 
- 

w 
fn 

;5! 

r 

w 
I 
I--L co 

0 
0 
3 
W 

Ti: NO. OF’ SAMPLES AVERAGED TOGETHER FOR SENSOR i 

N 
0 0 

I 

.- 

N 
I 
Q, 
fn 



50 

40 

30 

20 

10 

0 
5- RUN S6-A: NO CONTROL; BUFFER READOUT RATE = 226 SAMP/SEC w 

160 2 140 
% 120 
x 100 
8 80 5: 
Gl 60 

40 

.-- 

RUN S6-G: ADAPTIVE SAMPLE DELETION: BUFFER READOUT RATE = 148 SAMp/SEC 

150 

100 

50 

8 9 .  83 .  84.  8 5 .  86.  8 7 .  88. 89 .  9 

RUN S6-H: ADAPTIVE TOLERANCE; BTJFFER READOUT RATE = 148 SAMP/SEC TIME (SEC) 

Fig. 3-20 Queue Length Time Histories, Runs S6-A, S6-G, and S6-H 



500 

400 

300 

200 

100 

82.  8 2 . 5  
0 

4 

2 

0 

-2 

-4 
or. 0r.s 

TIME (SEC) 

Fig. 3-21 Sensor 7 Reconstructed Data, Run S6-A: No Filtering or Queuing Control 

s 
I 

Q, 
to 
I 

Q, 
Q, 
I 
00 



500 

400 

300 

200 

100 

0 

400 

200 

0 

-200 

-400 

( 2 .  I 

TIME (SEC) 
$: 
I 
05 
c3 

Fig. 3-22 Sensor 7 Reconstructed Data, Run S6-B: Exponential Filtering,Fixed-Parameter 

I 
05 
05 
I 
CW, 



Fig. 

400 

200 

0 

-200 

-400 

TIME (SEC) 

3-23 Sensor 7 Reconstructed Data, Run S6-C: Running-Average Filtering, Fixed-Parameter 

I 
Q, 
Q, 

I 
a, 



3 
cn 
m 

m 
u) 

R, 

- 
- 
r 

w 
I 
4 w 

cn 
71 
D 
0 
m 

. . . . .  $90  500 - ._-_ . . . . .  TtT.i .-.-. - -4--. -..- -.-.-- -+ -.-- . . . . .  . f i r i . . . r  ; ;  I : . : . :  . . . . . .  
! " "  ' 

. . . . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  ! :  . . . . . . . . .  

. . . . . . .  

$ 2 .  d l .  8 3 . 5  

. . . . . .  . .  . , ,. . 
, ,  . . . . . .  . . . . . .  . . . . . .  . . . .  . . .  

. . . . . . . . .  . . . . . . . . .  

. . . . . . . .  

. . . . . . . .  . . . . . . . .  

8 1 . 5  

d 2 . 5  E!.! 8 2 .  

TIME (SEC) 
I 

0) 
N 

I 
Q, 
Q, 

I 
00 Fig. 3-24 Sensor 7 Reconstructed Data, Run S6-E: Sample Deletion Only, Fixed-Parameter 



6 
I) 
7i 
I 

h rn 
3 
9 

TIME (SEC) 

Fig. 3-25 Averaging Period Variations, Run S6-F: Adaptive Running-Average Filtering 



6 
I) x 
I 
m 
m 
0 

400 

200 

h 

t? 
3 
g o  
p: 
0 -200 p: 
p: 
W -400 

TIME (SEC) 

Fig, 3-26 Sensor 7 Reconstructed Data, Run S6-G: Adaptive Sample Deletion 

I 
Q, 
I9 
I 

Q, 
Q, 
I m 



6 
c) 

tn 

c) 
m 
;sJ 

c) 
0 
s 
-tl 
D z 

4 

500 

400 

300 

200 

100 

0 

I 

- $ 3 . 5  8 4 .  8 4 . S  85.  8 5 . 5  6 6 .  8 6 . 5  37. 8 7 . 5  

500 

400 

300 

200 

100 

n 
" 3 3 . 5  8 4  9 8 4 . 5  8s.  0 5 . 5  0 6 .  

20 

10 

0 

-10 

0 4 .  0 . 5  0 1 .  0*.  O o . s  0 1 .  0 1 . 1  

TIME (SEC) 

Fig. 3-27 Sensor 7 Reconstructed Data, Run S6-H: Adaptive Tolerance 

E 
I c n '  

pu 
I cn 
0, 
I 
m 



6 
0 

200 

100 

0 

TIME (SEC) 

3 4 1 . f  

1 4 1 . f  

Fig. 3-28 Sensor 37 Reconstructed Data, Run S49-K: Exponential Filtering, Fixed-Parameter 



4 

200 

100 

0 
3 6 6 . 6  3 4 0 . 2  4 340.4 34'1.6 3 4 5 . 8  3 4 1 . 6  341.2 3 4 1 . 4  3 4 1 . 6  

34'1.4 34'1.6 3 4 0 . 8  341.5 3 4 1 . 2  3 6 1 . 4  3 4 l . E  ! i f . ;  34'1.2 
0 

TIME (SEC) 

Fig. 3-29 Sensor 37 Reconstructed Data, Run S49-L: Running Average Filtering, Fixed-Parameter 

z 
I 

43 
R3 

I 
43 
43 
1 co 



r 
0 
(7 
7;; 
I 
Pl 
m 
0 

0 
0 
3 
-0 
D z 

w 
I 
4 
Lo 

200 

100 

0 

h 

E 
8 
3 

3 4 9 . 2  3 4  1 . 4  3 4 1 . 9  3 4 1 . 9 .  

TIME (SEC) 

. . . . . . . . . . . . . .  2%&:.-: ..... 

. . . . . . . . . . . . .  .......... c-;. . . . . . . . . . . . .  .,.. ........ ............ ......... 

3 4 1 . 6  

Fig. 3-30 Sensor 37 Reconstructed Data, Run S49-NI: Sample Deletion Only, Fixed-Parameter 



6 
c) 

I 
m 

w 
I 
do 

R, 0 

m 
c) 
0 
3 

RUN S49-N: ADAPTIVE EXPONENTIAL FILTERING 

RUN S49-0: ADAPTIVE SAMPLE DELETION 

3 3 9 . 2  3 3 9 . 4  3 3 9 . 6  3 3 9 . 8  

RUN S49-P: ADAPTIVE RUNNING - AT 
3 4 0 .-0 3 4 0 . 2  3 4 4 . 4  3 4 4 . 6  

IERAGE FILTERING TIME (SEC) 

Fig. 3-31 Queue Length Behavior With Adaptive Filtering and Sample Deletion, S-49 Data 

i 
&a 
N 

I ua 
Q, 

I cn 



6 
0 
7; 
I 
m 
n 
0 
3 
m 
u) 

- 

r m 
u) I 

R, P 

m 
-u 
D 
0 
m 
0 
0 
3 
71 
D 
z < 

w 
a, 

160 

120 

80 

40 

0 
RUN 549-0: ADAP'MVE SAMPLE DELETION 

160 

120 

80 

40 

0 
RUN S49-P: ADAPTIVE RUNNING - AVERAGE FILTERING 

Fig. 3-31 Queue Length Behavior With Adaptive Filtering and Sample Deletion, S-49 Data (Cont'd) 



6 
(7 
7i 
1 
m 
m 
0 
3 
u) 
u) 
r 
m 
cn co 
Q 
u) 

(7 
rn 
(7 
0 
3 
71 
D 
Z < 

- 
- 

w 
I 

to 

2 

Fig 

3 4 6 . 5  3 4 5 . 2  3 4 5 . 4  3 4 ' 1 . 6  3 4 5 . 8  3 4 1 . 5  3 4 1 . 2  3 4 1 . 4  

3 4 5 . 5  3 4 ' 3 . 2  3 4 5 . 4  3 4 5 . 6  345.b 3 4 t . 5  1 4 1 . t  

TIME (SEC) 

3 -32a Sensor 37 Reconstructed Data, Run S49 -N: Adaptive Exponential Filtering 



6 
0 
7; 
I 
m 
m 
0 
3 
u) 
u) 
r 
m 
u) 00 

Q 
u) 
'I] 
9 
0 
m 
0 
0 x 

- 
- 

w 
I 

w 

D 
9 z 

TIME (SEC) 

Fig. 3-32b Sensor 37 Exponential Factor Variations, Run S49-N: Adaptive Exponential Filtering 



x 
I 

0 
3 
P 
D 

4 

TIME (SEC) 

Fig. 3-33a Sensor 37 Reconstructed Data, Run S49-P: Adaptive Running-Average Filtering 

z 
I 

43 
to 

I 
43 
43 
I 

00 



6 rl 

m 
m 
0 

- 
r 

w 
I 
a, cn 

m 

IP 
v) 
71 
D 
c) 
m 
c) 
0 
3 
'I] 
D z < 

TIME (SEC) 

Fig. 3-3313 Sensor 37 Averaging Period Variations, Run S49-P: Adaptive Running-Average Filtering 

E 
I 

03 
Po 

I 
a, 
03 
I 
cx, 



6 
n 
x 
I 
m 
IT 
0 
3 - 

R, 

w 
I 
00 
Q) 

U 
Gl 
R 

3 
0 

E3 
G 
E rn 

TIME (SEC) W 

Fig. 3-34 Queue Length Behavior With Finite Buffer, Run S49-R 

z 
I cn 
N 
I a cn 
I 
00 



I 
00 
-3 

6 

4 

2 

3 4 1 . 0  3 4 1 . 1  3 4 1 . 1  3 4 t . 3  3 4 1 . 1  3 4 1 . 9  3 4 2 . 1  
0 

40 

20 

0 
- 

TIME (SEC) 

Fig. 3-34 Queue Length Behavior With Finite Buffer, Run S49-R (Cont'd) 

I 
Q, 

? 
do 



6 
rl 

u) 

c) 
0 
3 
71 > 

4 

5- E 
2 
3 

8 
100 

0 

-100 

Fig. 3-35 Sensor 37 Reconstructed Data, Run S49-Q: With Buffer Overflow 

I 
43 
N 

I a 
43 

I 
00 



r 
0 
n x 
I: 
m 
m 
0 
3 
m m 
m m 

- 
- 
r 

P co 

w 
I 

00 

u) 
71 
9 
0 
m 
n 
0 
3 
71 
9 z 
-< 

Fig, 3-36 Sensor 37 Reconstructed Data, Run S49-R: With Buffer Overflow 

I 
63 
93 
do 





6 o x 
m 
m 

c) 
0 
3 
D 
D 
z 

a 
%- e 
6 

M z I--.. 

I I  I/ 

* 
* 
c.l 

0 
P 

0 

Ei 
2 
(D rn rn 
(D a 

rn 
E 
El 
(D rn 

(D 
Y 
Y 
0 
Y 

5 
il 

f . g 
0 

(D 

(D a 
2 

3 
Y 

2 
I-. 

5; 

M 

ki rn 
I 1  

I-' N 

Y 
5 3  

E 

i i n  

0 

8 
2 
(D rn m 
(D a 

it- 
P, 

(D 
9. 

I 
Q, 
Q, 
I 

W 



0 z 
E. 
Ft 

h 

v cc7 

P 
rn 
(D 

5 
Y 

El ti' 
2 
Y a 

(D 
Y 
Y 
0 
Y 
Y 

x 
I 
m 
m 
0 
3 
u) 
u) 

- 

s 
Y 

h v 
Da ti' 

F rp 

Y 
f\3 
Y r 

m 
m I 

Ip 

I& 

Po M 
I-. c.3 

g g  
0 

P Y  
n 
cd 
R g I. 

c g  
5 2  0 rp 

P 

w 
W 

w 



s 
I ) .  
7i 
I 
m 
m 
0 
3 
cn cn 
m 
u1 
Q 

- 

r 
P w 

5: 
Y 

i? 
E! 
M 
0 

P, U 
m 
m 

B 
ti' 
z! 

(J9 

tb 
I 

)--L " 

E 

g 
a 
U 

R 
2 
(D 

(D 
I 

it. 
E 

F 
E 
g 

g 

0 
P, 

(D 

rt- 

m 
(D 

(D 
Y 
Y 
0 
Y m 
R 
2 
4 
2. 
?5 

(D 

d 

(D a 
&. 

E! 
3 

G 
ti' 
(D 
P, 
0 
P 

g 
$ 
E 
(D 

Y 
(D 
0 
0 
Y a 
P, 

" 

FL 

c 

U 

4 
P, 
r-1 

E x 
Ph 
s 

Y 

rt- 

CD 
Y 
Y 
0 
Y m 

!a 
M 

I I  

g 
(D 
Y 
Y 
0 
Y 
Y 

8 
ti' 
(D 
Y 
Y 
0 
Y m > s 
U : 
E 8 
a 

W 
I I  

E 

s- I-. 

x 
Ph 
Y 

d 
F;: 

U 

% 
Y 
(D 

E 
Y 
(D 
0 
0 
Y a 

8 
2 

g 

R 
ti' 

E 

Y m 
rt- 

Y 
(D 

(D 

P, 
0 
0 

a 

R 

M lF 
(D 

rt- 
g 
Y 
Y m 
0 
Y m E 

(D 

m -  
ct. H 

5 m 

I i  
'c, 
I-. m 
a 

% 
8 
E! 
(D a 
Y 
5: 
5: 

g 

rt- 

U 
P 

N 
(D 
Y 
0 
I 
0 
Y 

Y 
4 
h 

N 
0 
'd 
\ 
N 
0 
d 

a 
s? 
Y 
4 
d 
4 

E 

Y 

Y 



r 
0 .  
0 
7i 
I 
m m 
0 
3 - 

4- ^I r: -# LY u h I) a * 3 e4 I? d L? 3 CI c3 -# L, rn * rn 0 3 ?I n 'p v) 3 N m -# v) 0 t- m 5) 0 * N L T  d L, 
* 4 4 * 3 3  3r1333-ti 3 - * 3 3 -  

3 

( 

cn 
u) 

r m 
u) I 

QJ 

- 
cp 
cp 

N I? -* L 1 0  h 30 m 3 - N m 7 L1 
-,-3333 

(a) First-Order Selectors 

WORD 47. DATA 

(b) Zero-Order Selectors 

Fig. 4-1 CPCM Bit Stream Record Formats 

E 
I 

03 
to 

I 
03 
03 
I 
02 



r 
0 
0 -  x 

r m 
u) I 

Q 

I&. 

cn 

I m 



tb 
P 

N 

c.3 

rp 

P 

N 

g I-. 

xrr-  

E 

m + i. 

2 a 
(D w 

r 9 
2 
2 
(D rn m 
(D a cb 

(D 
Y 

rr- IJ 
P 3 

Y a 4 
0 
Y a H 

C'L 
I I  M w 3 

Y 

!?A 
H 
I 

!?A 
H 
I 
8 

Y 
0 
Y cn e s r v 

w 
rt- 

m E 

s 
I. m 

I 
(x, 



6 
( I - x 
L 
m 
m 
U 

3 
UI 
UI 

m 

P 

- 
- 
r 

UI f 
4 

(I 

M 
M 

X N  
F 

I I  I I  

(D 
Y 
Y 
0 
Y 

8 
g 
E 

8 
5' 

S 

(D 
Y 
Y 

P, 

!i 
2. 
32 
% 
3 
Y a 

%mZ m 
S a 
% 
0 
S 

F= 
t;' 

% 
m 
.. 

M w 
U 

22 I I  

3 

E+cn cn P 
P 

cn 

i3 
& z. 
32 
% 
3 
Y a 

M 

Y 

w 
U 

Y 

I-. m 
)-L 
W 
P 

8 
E m 

rn 
!5 
8 

R 

m 
ct- 
P 

I-. 
t-h 

P 
m 
(D 

0 
Y 
E 
i3 
ti' 
I-. m 

(D 
Y 
Y 
0 
Y 
0 
Y 
PJ 

CR 
g 

.Ei' 
% 

E 

E 

I-. m 
E? 

a 
0 
" 

E. 
S 
09 

0 
Y 



r 
P m 

100 200 

s 
i-2 30C 
9 
0 

P; 255.5- 
0 
P; 
P; w 

2. 

300 400 500 

w 
Pi x w 
.. 127.7- 
n I, I - 
W 

10( M 

G 
0 

X 
g ( E )  = 255.5 - -  , 0 5 x 5 255.5 2 

x: ORIGINAL DATA MAGNITUDE (COUNTS) 

Fig. 4-2 Expected E r r o r  Versus Original Data Magnitude 



6 
0 -  

h 

E m 
I 

r 
m rp 
u) 

Q 
I 
Eb 

g" 

u) 
-0 
D 
(7 m 

M 

II 

I9 

H E 
I 

t--L 

II M m  
P 

H 
I9 

II 

55- m 

4- 

4- 
t--L 

0 
M 
R 

g 

0 m * 
g 
(D 
Y 
Y 
0 
Y m 
t;' 

M 

xM N 

II 

H E 
I 
P 

II M m  
P 

M 
w m  

H W  

s 
I cn 
to 

I 
03 
Q, 
I 

00 



I 
m 

I--L 
Ip 0 

RECONSTRUCTED DATA MAGNITUDE 

\ 
-\ 

\ 

I cn cn 
I 

00 



6 
c) 
7i 
I: 
m 
m 
0 
3 
u) 
u) 
r m 
VI 

R, 
u) 
3 
D 
c) m 

- 
- 

r 
E 

s rn 
8 

m 
$ 0 
r F  
0 
Y rn 

h 

Y 
rr 

8 
2 Q 
Y 
3 
R 
0 r-: s r  I-. 
0 
P 

RECONSTRUCTED 
DATA MAGNITUDE 

RECONSTRUCTED 
DATA MAGNITUDE 

N \ 

;c 
W 



r 
0 -  
(I x 

tw 
h 

2 ” E l  
I 

I 
m 

r 
? m 

UI 
Ip E 
cn 
’TI 
D 
0 
m 

M 
M r 

I I  

H 2 
I 
P 

11 M m  
)--L 

ZI 
I 

-I- 

& 
-I- 

Pi 
I 

M L 2 
(D 

0 
l-h 

FJ ” 
(D r 
VI 
0 
Y 

Tsa a rn 
FJ 
r 
ti’ 
(D 

* 
0 

0 
t-h 
pl 



5 
c) x 
I 
m 
m 
U 

3 
u) 
u) 

- 
- 
r 
m 
VI 

Q 
u) 
D 
D 
0 
m 

t 
P 
w 

? 
Y 
0 
Y rn 
Q 
P, s rn 
Is, 

a 
CD 
Y 

r-3 
0 

h 

W 
0- 

M 
Y 
Y 
0 
Y 

=! F 
Is 
M 

r-3 cn 

-- RECONSTRUCTED .. 

DATA MAGNITUDE 
RECONSTRUCTED 
DATA MAGNITUDE 

* 
I--L 

3. w- 
1 
I 
I 
I 
I 
I 

c 



m F2 
I 

P 

41 

M 
M s 
I1 

M M 
s N  

I1 

M 
M 

P N  
P, M 

M 
P N  II I t  

H % 
I 
P 

11 Mrn 
P 

UI 03 
h 

% 
uN 

I 

P 
Y 

N n 

I 

r 

0 

en 
M 

%' 

m% 
I 

E m N  
I 

" I  to 
+ 

I 
M 
M 

ti 

N + + 2 m !2 m 
L, CUI uN 

P 
cn 

n 
to 

m ZCU 

' H  

cp 
u) I 

Ip c. + 
E m 
U 
N 

VI 
71 
D 
c! 
m 

tl + 
U 
N 

4- 

I1 

M 
M 

P N  

I- t- + 
N 

en H I1 MmE 
P I Z m 

% z P 

I 

0 

N " I  N 
c-l 
Y. 

I 



M 
M 

w N  

M 
M w 

I I  

+ 
z m - 
N 

01 

% 
+ 

6 
0 -  

II II 7i 
I 
m 
m 
0 

x 
u) 
u) 

m 
u) 

sp 
u) 
71 
D 
(? 
m 
0 
0 
3 
-0 
D 
z 
-< 

- 
- 
r 

0 m 

z !  
M 
H N  
W 
U 

I- + H 
N 

I t  

H 

I 
II c'c r a 

a 
Y 

Y m 
3 

+ 
H 

n 

V l N  
B 

+ + 

+ + 

I 

O 
en 
uN 

h 

P 
N 
W 

h 
rp 
w 
W 



(3 

z 
s Ow 

M 

(3 

Z 

s Ow 

M 

M 
M 

I I  I I  

+ ” 
Un 
H 

m 
Y 

4- 
4- 
h r 

r 
rw 

H 

+ 

r r 
I I  

r H 

II 
’d r 
A 

Y . m - 
r 
m 
u) 

n 

” rp 
I 

Q + 
cn 
+ w 

71 
D 
r! 
m 

’d r 
n 
m 
Y 

Y + 
cn 
+ 

.\ 
Z 
”t 

+ 
Z 
M 

” 
i3” - Y 

0 
M 

E 
d 

1 

M 
0 
Y 

I cn cn 
I 
ot, 

rt. s 
CD 

n 
rp 
4 
Y 

h 
rp 
a 
Y 

n 
rp 
cn 
W 

h 

rp 
rp 
Y 



6 
0 
A 
I 
n 
m 
U 

3 
u) 
UI 

m 
UI 

Q 
u) 

0 
n 
0 
0 
3 
D 
D 
z 
-< 

- 
- 
r 

9 

RECONSTRUCTED 
DATA MAGNITUDE 

h 

W 
d 

m 
CD 
Es 
u1 
0 
Y 

6 '  
M 
Y 

Y 
:: 2 

I I  

RECONSTRUCTED 
DATA MAGNITUDE 

_ _  _ _  - 
RECONSTRUCTED 
DATA MAGNITUDE 

~ 

n 
P 

M 
Y 
Y 
0 
Y 

W 

5- 
E! e 

I 
I 
I 

I 
I 
I 
I 

zM -4 n Y- I I 

I 
Q, 
Q, 
I 
00 



0 

% 

9 
2 
% 

rc 
P 
CD 
m 

P, 

m 

rt- 
P 
(D 

(D 
Y 
Y 
0 
Y m 
m 
0 
Y 
rc 

g 
N 
0 
cd 
\ 
N 
0 

s 
E! 
R 

H 

Y 

m 

B 
ti' 
2 
Dp 

P 
P 

6i. 

d 
IC 
M 
P 
n 
rp 
Q, 
W 

l2 

9 
E: m " 

E! 

P 
M ca 
h 

P 
cn3 
Y 
Y 

n 
rp 

tb 
W 
Y 

h 

P 
en 
Y " 
n 
P 
00 

P, 

W 
* 

FL 
n 
P 
CD 
Y 
Y 

U 
P 
CD 

2 

E 
(D 
Y 

(D s 
d w 
M ca 
P 
n 
P 
eC3 
W Y 

n 
rp 
rp 
W " 

E a 
rp 
en 

P, 

h 

W 
Y 

Ed 

E 

rc 
P 
(D 

0 
rc 

m 
E: 

0 
E! 
m 
rc 

K 
(D 
Y 
Y 
0 
Y m 
m 
9 
E: 

(D a 
R 
6. 
g. 
CD s 

M 
M xto 

P 

II 

P 

en 
Z 
M 

m 

E;to 

n 
rp 
(0 
W 

M 

HM P 

I I  

Z 
M 

m 

E; 

';s 

E 

-I- 

% m 

M 

e l e l  
o w  

U 

5. 
(D 

Y 
(D 
0 

r" 

g 

R 

; 
rc 
(D a 
a 
P, 

8 
E m 

M 
If 
6 
0 
Y 

B 

9 

E: m 
CD a 

B 
P, 
u1 
(D s m 
0 
Y 

E; 
M 
Y 
Y 
0 
Y 

w 
g 
8 
E 0 

Y 
(D a 

2 Y 
CD m 
rp 
I 

3 
FL 
P, 

I@ 
I 

Q, 
0 
m 
g e 

M M  
xM.3 to XM to 

I 1  I I  

h 

rp 
00 
Y 



r 
0 
0 -  
7i 
I 
m 
m 
0 
3 
m m 
- 
- 
r 

rp 
I 

C'L 
(0 

ill 
u) 

Ro 
m 
-0 
D 
c) 
m 

+ 

F'3 + I  

n 
Ip 

P 
to 
Y 

M 
Y s 
m 

I I  

'SI 

n 
cd 

U 
w 
h 

W 
m 

ll 

M 
.p 
h 

P 
4 
Y 

Y. 

n 
P 
P 
P 
Y " 

n 

P 
I--L 

rp 
W 

I1 

II 

(D 
Y 
Y 
0 
Y 

ri 

P 
P 

rp 

M 
trf 

I-3N 
I I  

- 
cd 

m 
EL. 
Y 

h 

rp 
P 
0 
U 

z 
I 
03 
to 
I 

Q, 
03 
I 

00 



rp 
I 
Po 
0 

U 
II 

43 
W * 

cd 
%. 

m 
Y 

II 

? 
0 
rp 
N 

td 
W 

FL 
m 

II 

Y 

? 
P 
Q, 
rp 

h 

Y 
m 

I I  

0 

4 
0 
4 

Q 

II 

W 
0, 

td 
II 

P 
Po 
Po 
rp 

I 
Q) 
Q) 
I 
cx, 



6 
( 1 -  x 
I 
m 
m 
0 

(1\ 
0 x 
D 
D 
Z 

h 

Y 
= BIT ERROR RATE 

= RMSERROR 
RE 

rms E 

1 25 50 75 

Ns: SAMPLE COMPRESSION RATIO 

Fig. 4-7 Rms Error/* Versus Sample Compression Ratio 



8 
g 
Y 
0 v 

h 

6 
(7 
3 
I 
m m 
0 
x 
u) 
u) 

m 
UI 

Ip 

UI 
’I] 
D 
0 m 
0.  
0 
3 
D 
D z 
-< 

- 
r 

A 
I 
N 
N 

M 
Y 

m S 
M 

Y 
S 

I I  

M m 
I I  

to 
% 

n 

rp 
P w 
Y 
w 

v 
m 

I I  

?J- 
Y 

n 
m 
Y I 

N & II 

? 
I1 

? P co P ” 

f-L 
0 
0 ” E 

m 
0 

8 E 
w E 

i- 
P, m 
5’ 

m 
0 

k 

0 m 

m 
0 
Y 

h 

I@ 

z 
Y 

I 
03 
Q, 

I 
00 



6 
0 -  
7i 

0. 
0 
3 
71 
9 
2 
-< 

R !? 
R P 

(D 
Y 
Y 
0 
Y m 

R 

5' 
il 

x' 
f! 
EL 
3 a 
CD 

m 

E m 
(D 

m 
il 
E F 

4. 
R 
ro 
5' 
5' 

Y 
a 
(D 

J-. 

m 

c--l 

CD 
m 

B CD 

E 

H 
g 

E 
R 
0 

P h  
iD" 

s 
0 
R 

P 

yo 

ro 
g 

09 
(D 
Y 

Y m 

R 

Y 

m 
0 
Y 
Y 
0 
.Y 

il 

K 

R 5 

6 
g 
Y 

il 

5 
(D a 

" 
g 

r 
0 
H 

R 

8 
6 
g 

m 
\ 
4 

0 
R 

CD 
Y 
Y 
0 
Y m 
0 
P, 
F: m 
CD a 
d 
% 

F 
09 
CD 
Y 
Y 
0 
Y m 
% 
0 
0 

E 
s 
Y 
en w 
Q, 

% 

a 
Y 
0 
CD 

0 m 

0 

0 0  
R Y  
2 M  
CD 

$ 8  
P m 
CD 
Y 
Y 
0 
Y 

K 
7 
% 
(D 

il 
w. 

!i 
5' 
5: 
R 
P 
(D 
Y 
Y 
0 
Y 

il 
E F 
2 
Y 

N 
0 
'd 
\ 
N 

8 
m : 
0 " 
0 
Y m 
K 

i " 
0 
0 

0 

P 
CD 

m 
R 

B 
% 
0 
(D a 
CD 
Y 
Y 
0 

R 

1 

4 s 
E! m 
\ 
4 
0 

6 
0 

2 
ti' 

K 

H 

09 

0 
R 

R 

R !? 
E 
4 

R 

0 c 

CD 
Y 
Y 
0 
Y 
P, m m 
0 c. 
R 
CD a 
e 
k 
P 

P 
(D 

" 

0 

H 
g 
8 m 
(D 
Y 
Y 
0 
Y 
m 
0 
Y 

P 
(D 

4 
0 
U 

\ 
4 

R 

H 

ti 

8 
6 

E 
0 
m 

0 " 
0 
Y m 
c 
P, z. 
$ 
c; 3 

ii 

E. 

P 
0 

51 
Y 
CD m 

Et 

rp 

f-L 

en 
0 
Ef 
4 
R 
ro 
E i  
s 
E 
F 
E?. ro 

CD 

J-. 

m 
P, 

m 

J-. 

R 
Et 

P 
CD 

0 

51 
Y 
CD m m 
CD a 

8 

@ m 
9 

0 
0 a 
CD a 
g 
% 
Y 

E m 
rt. 
P 
CD 
0 

Y 
s 
E 
Y 

m 
CD 
Y 
Y 
0 
Y 
0 

il 

i5 a 
il 
c"a 

8 z 
E 

CD 
0 

Y 

(D 

0 
" 
" 
g 
Y 

m 
0 
Y 
Y 
0 
Y 

E! 

il g 
R 

B 
% 
0 
rf- 
CD a 
P, 

'ja 
3. 

e 

R P 
P, a 
R J-. 

E 
(0 
Y 
Y 
0 
Y 

E 
I5 
5' 

ro 
P, 
R J-* 

" 
CD 

E g 
(D m 
0- 
E. 

5' 

g 

c-l " 
R 

R 
0 

il 

7 

0 
Y 
CD 

P, m 
E 
(D 
e 

F 
8 
7 

0 

CD m m 
CD a 
E 

8 
3 

fu 

c 
CD 
Y 

P 
0 
a 
(D 
Y 
(D 

(D 

Y 

" 

h 

g 

g 
K 

" 
P, m 

F 
2 
P, m 

* m 

B 
E 
0 
(D a 
" 

* 
2- 
8 
2 
0 

(D m m 
CD a 
a 
ti 
K 

E 
3 

m 
P, 

(D 
Y 
Y 

m 
0 
Y 
Y 
0 
Y 

a 
(D 

il 

Y 

i3 ro 

5' 

m 
R 
Y 
P, 

09 

R 

R 

R K 
k 
G- 

w 

" Y  

Y 
O y o  

I 
cx) 



r-3 
K m 

f: 
(D 

n 
r-3 
& 
F 
N 

I 
P 
Y 

2 N 
0 
H 

Y 

ro 
P, 

n m Y. M 
Y 
Y 
0 
Y m 

l-h ! 
5 a 

3 
rt- 
0 z. 

8 
2. 
P, 

B m 
8 2 m 

m 

9 0 
Y 
Y 
0 
Y 

SI 
(D 
Y 

I m 

m 
0 
Y 

9 

2. 

f”, 

(D 

0 

;. 

SI 
6 
2 
E: 
m 
(D 

(D 

r-3 
E 
t;’ 
m 

r s 
E! 
M ” 

(D 
Y 
Y 
0 
Y m 

F 5’ 
z 
% 

t 
M 

Y 

R 3 
Y 
(D 

N 
W 

8 
E 

c m 
(D a F s 

(D 
Y 

Y m 
‘d 

ti’ 

P, 0 

E 
SI 

ti’ 
rt- F 
0 
Y 

R E v 
’d 
P, 
Y 

0 
2 

rt- 
P 
R i? m 

8 
Y 

r-3 
& 
to” 

m rt- 
0 P, 

kL 
(D 
(D 

3 
0 
0 

v 
”% 

(D m m 

” Y 
(D m m 

R 

E m 
rl 
(D 
0 
PJ c m 
(D 

8 
g 

0- 
P, 

m E. 
8 
(D 

0 

E 
SI 
Y 
(D m m 
(D a 

a 
P, 
P, 
rt- 

Y 
(D 

E 
09 

Y 
(D 
0 

m 8 
cf c 

a 8 

M 
Y 
Y 
0 
Y 

Y 
3 

rp 
I 
c.3 * 

R Y 
0 

P 

(D 

E. 
rk 

0 a m rp 
I 

W 

P, 

kL 

0 

6 
0 

E- 
0 

a 8 

e f 
Y 
CD 

rt- E v 
(D a c m 

(D a 
w 
?i ji! 

(D 

m 

m 
0 
Y 

B E‘ 
5. 
P, 
rt- 

rt- 
0 

3 m 
rt- 
P 
(D 

Y 
(D 

E a 
E 
;5 
R 
R 

s m 
it 
E;’ 
5. 

F 0 

8 
2 
(D m m 
(D a 

3 
Y 
(D 

3 
Y 
(D 

(D s 
Y 
(D 

D 
rt- 
P 
(D 

a 
P, 
% rp 

I 
I--L 
P 

W 
2 E. 
(D s 
R 

E 

s 
R 

H 
U 

c m 
09 
5’ 
Y 
Q, 

r” 2 
2 

E 

3 
(D m m 

0 
0 a 
(D a 

r-3 
!r l-h 

0 

R 

R 
$ 
3 

Y 

rn 

0 

8 
SI 
2 m m 
0 a 

0 
l-h 

N 

E 3 c m 

Q, 
Y 

j! 
(D 

E 
!r 
09 

Y 

il rn 
m 
(D 
0 
0 

m z 
5’ 
rk 
0 

G m m Y a 
$ E a 

Y. 

(D 
Y 
Y 
0 
Y 

Y 

P, 
m 
(D 

(D a 
2 

B w 
P 
(D 

R 
0 

SI 
8 4 

x’ 
P 

Y 
(D a 

D 
3 
Y 
(D 
0 

Y 
(D 
0 

r” R 
E 
8 
Y 

a 

0 

R r” 
E 
5’ 
P, 
(D a 
rt- 

0 

E m 
E. 
(D 
Y 

a 
P, B 

0 
I+ r” 2- 

0 
0 

SI c 
CD 
Y 

8 
rt- 

Y 
(D m m 
(D a 

3 
E 
s; 

Y 

m! a 
q 

E: 
rt- s 
(D 

3 

2 
m 
(D 
Y 

a 

0 

8 
2 
(D m m 
(D a 

E a E 
(D 

8 

(D 
l-h 

E. z 

c 
c 
(D m 

E E 
rl 
(D 
Y 

a 
P, 
P, 
R 

h 
P 

B 
fD, 

ti’ 
!2 
(D 

a 
(D 
0 

E a 
D 
P, 
09 

m 

3 
n M 

I 
a5 8 

SI 

0 
I+ 2 s 

(D 
Y 
f”, 

I 
E. ti’ 0 

8 
2 
$. 
r” 

(D m 

3 
(D m 
(D 

a 
P, 
B g 

Y 

0 m e 
8 m 
(D a 

rt- 
P 
(D 

0 

SI 
Y 
(D m 

8 

E. 
s 

Y 
CD 
0 

R 

a 
P, 
P, 
rt Q 

(D 
Y 
(D 

C-’. m 
P, 

Y 
m! 
5: 

3 m M 

m 
0 
Y m 

9 0 
0 

!i 
ti’ 
B a 

0 
2 

rt- 

E: 
D 
P, m 

Y (D 
Y 
Y 
0 
Y m 

Y 

m E 
rk 
P 
(D s 

Y 

r t - Y  

E 8  

Y 
R 
5 
s m 

m 
(D 
0 
rt. 
0 
Y m 

% 8 
tir s 

3 
s +-. 

(D a 

rl 
x’ R 

8 
5’ 

01 
W a 

(D 
0 
0 a 
(D a 

3 m E a j! 
(D 

(D 
Y 
Y 
0 
Y m 

(D 
Y 
Y 
0 
Y m 

m 
(D 

0 a 
3 

E’ m 
I 

45 
c3 

I 
Q, 
Q, 

m 
rt- 
Y 

E 
a 
P, 
P, 
rk 

(D 
Y 
6 
0 
Y ” 

3 
% 
0 

a 
0 
R E 

(D 

W 
P, m 3 

P, 
0 
Y 

U. 

a 
P, 
P, 
rt- 

E: ” 
Y 

I 
00 I 



x 
I 
m 
m 
0 
3 
u) 
u) 
r 
m 
u) 

5P 
u) 
'u 
P 
0 
m 
0 
0 
3 
P 
D 
z 
-< 

_. 

- 

rp 
I 
a, 



m 

I 
a3 
N 
l a a 
I 

03 



z 
I 

03 
N 
1 

03 
03 

I 
00 



6 
0 -  
7i 
I 
m 
m 
0 
3 
m 
u) 
r 
m +P m 
Q 00 

- 
- 

I 
Is 

m 
TI 
P 
0 m 
0 '  
0 
E 
'D 
9 
z < 

s 
2 
2. 
m 
(D 
Y 
Y 
0 
Y m 
5' 

s 
R 

Y 
(D 

P 

Y 

rt- 
(D a 
a 
P, 

(D e 
(D 

u1 

R 
8 

s 
5' 
P, 
P 

E 
f", 
sr 
E.  
e 
4 
5' 
2 
? 
P 

I-. 

P 

I 
Q, 
N 

I 
a3 
Q, 

I 
00 



r 
0 
0 
A 
I 
m 
m 
0 

u) 
u) 

m 
u) 

- 
r ip 

I 
Po co 

si 
E 

m 

Fig. 4-11 E r r o r  Caused by Magnitude Bit E r ro r ,  First-Order Interpolator 
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Encoding (Binary) 

Bit Plane 
Encoding (Gray) 

EXPINT 

STFC 

Table 5-1 

COMPRESSION MODEL PERFORMANCE FACTORS 

0.20 0.10 0.05 0.05 0.10 0.30 0.20 
-----______I- 

0.24 0.12 0.06 0.06 0.12 0.20 o .  20 

Perf or mance Fact or 

Bandwidtl 
Compres- 
sion Ratic 
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0.466 

0.700 

0,950 
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0.150(") 

Recon- 
s tructioi 
FideliQ 
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(a) Estimated value. 
(b) Based on e r r o r  values shown for bl = b2 = 60 in Table 2-6. 
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Over all 
Weighted 

Performance 
Factor 

Zround- 
Based 
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Table 6-6 

TABULATION OF PROGRAM INTERP INSTRUCTIONS 

TXI TXL 
4 1 

2 2 

8 2 

FSB FDP FMP FAD 

3 1 1 1 

6.4(b) 13(b) l l (b )  6.4(b) 

19.2 13 11 6.4 
/2/ ? I  Timing per  Operation 

(cycles)(") 

SUB STD STO STA 

1 1 8 8 

2 2 2 2 

2 2 16 16 I Total Cycles I 2 I 4 I 30 

CAS TRA 
2 9 

3 1 

6 9 

Symbolic Operation 

Number of Operations 

SXA LXA CLA 

1 2 15 

(a) IBM 7094 Reference Manual 
(b) Average Value; FSB and FAD (6 to 15), FDP (3 to 13), and F M P  (2 to 13) 

r 
m 
ul I 

fP 0 

a 
t.3 

Program 

INTERP 

Table 6-7 

ESTIMATED COMPUTATION TIME FOR LINEAR INTERPOLATION 

Average Timing 
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- 
Item 

A1 
A2 
A4 
A5 
A6 
A7 
A9 
A10 
A l l  
A2 3 

A2 7 
A2 8 
A30 
A32 
A33 
A34 
A37 
A38 
A39 

c1 
c 2  
c 3  
C6 
C8 

- 

Table 6-8 

CONTINUOUS LIMIT CHECK PARAMETERS FOR OGO-C 

Limits 
. Low 

Unit 

2500 psi 
45 psi 

- 2" 
- 2" 
2 1 HeadSun 
< 4 Heads Earth 

- 5" 
- 5" 

20" c 

Not Mode 3s 

Gyro A Off 
Not Sync 
+ 62°C 
+ 60°C 
+ 45°C 
+ 45°C 
+ 35°C 

Small Earth 
Small Earth 

+ 30°C 
+ 30°C 
+ 25OC 

Dec 

147 
116 
096 
095 
244 
244 
12 6 
10 1 
98 

013 
14 5 
02 6 
022 
04 1 
033 
187 
187 
086 
000 
000 

- 

098 
098 
111 

0 
0 

Hi: 

Unit 

None 
55 psi 

+ 2" 
+ 2" 

0" 
+ 5" 
+ 5" 

+57" c 
+25" C 
None 
None 

+ 5°C 

0" c 
0" c 

+ 0°C 

Dec 

None 
14 1 
158 
158 
254 
255 
193 
14 6 
157 
022 
154 
0 85 
040 
04 6 
111 
None 
None 
17 6 
035 
035 

193 
193 
193 
77 
80 

Item 

D8 
D9 
D10 
D11 
D 12 
D15 
D16 
D20 
D2 1 
D22 
D2 3 
D32 
D33 
D34 
D35 
D36 
D37 
D38 
D39 
D40 
D4 1 
D54 
D5 3 
D55 
D56 
D24 
D26 
D25 
D27 

Limits 
Low 

Unit 

25 v 
25 v 
25 v 
Norm 
All Norm 
Norm 
Both On 
1 5 . 7 4 ~  
8 . 8 5 ~  
4 . 8 9 ~  

1 5 . 6 7 ~  
8 . 7 9 ~  

1 5 . 5 4 ~  
8 . 6 9 ~  

15.5 v 
8 . 7 5 ~  

6 7 . 9 9 ~  
6 7 . 9 9 ~  
2 2 . 4 0 ~  
2 2 . 4 0 ~  

Dec 

156 
156 
177 
000 
000 
090 
04 9 
17 1 
173 
17 1 
095 
170 
169 
090 
090 
17 1 
17 1 
097 
17 1 
17 3 
097 

89 
170 
D8-2 Count 
D9-2 Count 
169 
169 
169 
169 

Unit 

37.5 v 
37.5 v 
32.6 v 

1 6 . 2 9 ~  
9.21v 
5.09v 

1 6 . 3 2 ~  
9 . 2 1 ~  

1 6 . 4 5 ~  
9 . 3 0 ~  

16.5 v 
9 . 2 6 ~  

72. Olv 
72. Olv 
2 3 . 7 3 ~  
2 3 . 7 3 ~  

High 

Dec 
~ 

235 
2 35 
2 30 
005 
005 
130 
055 
177 
180 
178 
104 
177 
177 
10 1 
10 1 
181 
183 
107 
182 
183 
107 

D8+2 Count 
D9+2 Count 

17' 179 or < 20 
1791 17 9 



Table 6-8 (Cont'd) 

'D 
9 
2 

I Limits 
Item Low 

Unit 

D28 
029 
D30 
D3 1 
D42 
D43 
044 
D45 
D46 
D3 
D50 
D5 1 

E5 
E6 
E7 
E8 
E13 
E 14 
E 15 
E 16 
E 17 
E 19 
E20 
E2 1 
E22 

1 5 . 6 7 ~  
8.81v 

1 9 . 3 9 ~  
9 . 6 9 ~  

2 7 . 2 3 ~  
112 v 
Norm 

+ 40 "C 
+ 40 "C 

+ 20 " C  
+ 25 "C 
+ 25 "C 
+ 30 "C 
+ 75 OC 
+ 40 " C  
+ 25 pC 
+ 50 " C  
+ 20 " C  
+ 50 " C  
+ 40 "C 
+ 30 " C  
+ 25 "C 

- 
Dee 

170 
170 
091 
091 
17 1 
17 1 
096 
094 
164 
000 
075 
075 

12 6 
111 
111 
098 
02 9 
075 
111 
05 8 
12 6 
058 
07 5 
098 
111 

- 
E 

Unit 

1 6 . 3 2 ~  
9 . 1 7 ~  

2 0 . 6 5 ~  
1 0 . 3 2 ~  

+ 5  "C 
+10 "C 
+10 " C  
+15 " C  
-25 OC 
-10 "C 
+ 5 "C 
-10 "C 
+ 5 " C  
-10 "C 

0 "C 
+ 5 " C  
+ 5 "C 

D e C  

10 1 
102 
182 
182 
116 
100 
2 10 
007 
158 
158 

176 
15 8 
15 8 
14 1 
None 
226 
176 
226 
17 6 
226 
193 
17 6 
17 6 

Item 

E23 
E24 

E28 
E29 
E 30 

E26 * 

F1 or F9 
F2 o r  F10 
F5 or  F13 
F8 
F 14 
F15 
F24 * 
F25* 
F26* 
F27 * 
F28* 
F29* 
F30* 
F31* 
F16 
F17 

Limits 

Low 
Unit 

+25 " C  
+35 " C  
+50 "C 
+50 " C  
+45 " C  
+20 " C  

9 . 2 1 ~  

13.0 
+25 O C  

+40 "C 
+40 "C 
+35 "C 

25 "C 
40 "C 

- 
Dee 

111 
086 
058 
057 
066 
12 6 

231 
079 
091 
111 
075 
075 
086 
000 
025 
085 
132 
159 
206 
253 
111 
07 5 

- 

High 

Unit 

+ 5 "C 
+ 5 "C 
-10 "C 
-10 "C 
+ 5 OC 
+ 5 "C 

9 . 8 1 ~  

19 
+ 5 "C 
+10 "C 
+10 "C 
+ 5 "C 

5 "C 
15 "C 

- 
Dee 

17 6 
17 6 
226 
227 
17 6 
176 

246 
089 
133 
176 
158 
15 8 
17 6 
00 1 
026 
086 
133 
160 
207 
254 
176 
14 1 

- 
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Table 6-9 

OPERATING TIMES WITH COMPRESSED DATA, SDS-920 

Number of Nonredundant 
Samples in Minor 

(a) Assuming limit checks and interpolations are made on 

(b) Assuming 2.98 msec to read in 64 words 
(c) Assuming 9 msec  to check 128 samples 

nonredundant samples in minor k a m e  
(worst-case conditions) 

I 
Q, 
Q, 
I 

00 



20 

i a  

16 

14 

12  

1c  

E 

E 

4 

2 

0 

NOTE 
WORST-CASE CONDITIONS ASSUMED: 
INTERPOLATIONS NECESSARY ON ALL NONREDUNDANT 
SAMPLES 

LIMIT CHECKS AND 

I I I I I I I I I I 1 I I I 
2 4 6 8 10 12 14 16 

NUMBER OF NONREDUNDANT SAMPLES I N  MINOR FRAME 

Fig. 6-11 Operating Times With Compressed Data, SDS-920 
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Table 6-10 

OPERATING TIMES WITH COMPRESSED DATA, SDS-930 

Number of Nonredundant 
Samples in Minor 

Frame 

0 

1 

2 

4 

8 

16 

32 

64 

Input 
Transfer 

0 

0.00828(b) 

0.0166 

0.0331 

0.0662 

0.132 

0.265 

0.530 

Operating Times@) 
(msec) 

Limit Check 

0 

0.0156(') 

0.0313 

0.0626 

0.125 
0.250 

0.501 

1.001 

Interpolation 

0 

0.257 

0.514 

1.03 

2.06 

4.11 

8.22 

16.45 

Total Monitor 

0 

0.281 

0.562 

1.13 

2.25 

4.49 

8.99 

17.98 

SSP 

18.0 

17.7 

17.4 

16.9 

15.7 

13.5 

9.01 
- 

Minor Frame 
Tim e 

(msec) 

18.00 

(a) Assuming limit checks and interpolations are made o n a n o n r e d u n d a n t  samples in minor frame 

(b) Assuming 0.53 msec to read in 64 words 
(c) Assuming 2 msec  to check 128 samples 

(worst-case conditions) 
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WORST-CASE CONDITIONS ASSUMED: 
INTERPOLATIONS NECESSARY ON ALL NONREDUNDANT 
SAMPLES 

LIMIT CHECKS AND 

AVERAGE (SAMPLE COMPRESSION RATIO = 13) 

NUMBER OF N~NREDUNDANT SAMPLES IN MINOR FRAME 

Fig. 6-12 Operating Times With Compressed Data, SDS-930 
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Fig, 6-14 Pictorial Presentation of Compressed Data With and Without Forced Output 

z 
1 
Q, 
N 

I 
Q, 
Q, 

I 
03 



Y 
(D 

e- m 

6 
0 
x 
I 
m 
m 

. o  
3 
u) 
u) 

m 
# 

R, 

u) 
71 
b 
0 
m 
0 

- 
- 
r 

4 

II 

0 

H 
U 
H 

II I1 

CD 
II 

H 

+ 
cd 03 

I w 
lb 

5' 
8 " a m E 

Ld Y P, 8 
ii: s t;' % m 

0 s m 
0 
Y 

a. 
m 
E E 
P, 
rt- h 

03 

co 
v 



r 
0 
0 -  
x 
I 
m 
m 
0 
3 
m m 
m m 
R, 
cn 
Tl 
D 
0 

* m  
0 

- 
r 

0 
3 
D 
9 

Q, 
I w cn 

6, 
6, 

I 
M 



h 

2. 
op 

rt Q, 

w 
t9 

to 
5’ 
‘d 
F: rc 

5‘ ?z 43 
I 
i-P 
v 2 

2. e 
0 

m 

? 
cd 
Q s 

b 
(D 

rt 

m 
Y 
ip“ 

$ 
Y P, 

Y 
0 

2 

r” 
Y z. 

Y 

6 
(7 F. m 

0 P 
r” a 

I--’ 
I;; a ul m 

0 
K - 

” 

5‘ ? Q, 
I 
P cn 3 

Y a 

rt 

m F. P, 
E. 
m 
m U 

P, Y 

g 
(D 

P, 
0 
(D 

z 

03 
I w 
03 

D- 
E¶ 
iD“ 
Y 

0 

i3 
‘d s 
(D 
Y 

rc 
rc 

K 
w 
Q, 3 

(D 

c3 
I 

D- 5’ z: 

e 
El 
P, 

0 
S 

0 c: 3 
t;’ Y 

8 -+ 
m 
m U 

U 
Y 

rn .. w 
Y 

s 
Y 



rcs m 
(D 

0 P 
% 

6 
0 '  
F 
I 
m 
m 
0 
3 
u) 
u) 
r 
m Q, 
u) 
QJ 4 

u) 
D 
D 
0 
m 
0 
0 
3 
7) 
D z 
-< 

- 
- 

I 
0 

'd 
(D $. 
a 

e ;  4 
% v 

(D 

(D 
a 
Pk 

0 

i 
'by 
(D m m 
(D a 

Q, 

rp 

Q 
0 
Z 
Q r 
d 
PI s, m 

I 
00 



6 
0 
7;; 
I 
m 
m 
0 
I 

u) 
71 
b 
0 
m 

Y 
(D 

% 
G. 

0" 
CD a 

Y 
rt- 
3 
(D 
m 
(D 

0 

Y 
% 
R 
r" 

r" 
E 

2 

P. 

m " 

0 

Ei 
(D 
m 
m 
(D a 
e 

P, 

s 

T 

g 

E 
; 

Y 

(D 

0 

a 
# 
(D 

g. 
g 
F 
5, 
a 

m 

m x: 

CD 
'd 
(D g. 
a 

E a 
P 
CD 
Y 
0 

rt- 

$0 c 
a 
# 
(D 

w 

g 
(D a 

Y 
0" 

9 
rt- 
P 
(D 

u3 

I 
Eo 
w 
0 " 

if 
x' 
0 
3 
(D 
0 x m 

is a 
5' 
ii: 
4 

r" 

0 
P, 
c 

c 
m 
0 
0 

a 
# 
CD 

E 

g. z 
r" 

m 

E E 
m 

5- 
8 c 

m 5": 
5' 
rt- 
CD 

0 
H 

g 
r" 

2 
E 

4 
$ 

m " 

a 
# 
(D 

0 
Y 

m 
(D a 
e 
x' 
P 
0 

B 
'd 
Y 
(D 
m 
m 
CD a 
g ,s; 
m 2 
5' 
0 
Y 

m $ 
5' m 

c-l 

E. 

K 
x: 
0 

0 x m 
e 
P. c w 

rt- 

8 a 
s 
4 
$ 

2 

# 
(D 

0 
Y 

m 
(D 

# 
0 

a 

w 

5 
P, 

s 
(D 
CD 

a 

Y 

rt- 

e 
s' 

5 

2 

0 

8 
(D 
m 
m 
(D a 

s CD 
CD a 
(D a 

Y 
E: 
E 

2 

0 

B 
(D 
m 
m 
(D a 
e p: 

5' 
ii: 
Y 
'd 
0 
P, 
0 
Y 
m 

w 

rt- 

K 
CD 
c m 
(D a 
Y 

$ 
P. c c 

$ a 
s 
5' 
(3 
Y 
(D 
P, m 
(D 

? 
9 Y 

E? (D 

P, 

m 
rt- 

5- 

3 
Y 
rt- 

$ 
rt- 

$ 
E 
Y 
P, 

m 

E? CD 

r" 

2 
x 

0 

Ei 
(D 
m 

a 
a 
.. E 

g 
I 

03 
tw 

I 
Ga 
Ga 

I 
00 



7i 
I 
m 
m 
0 

0) 
I w m 

IP W 

m 
71 
D 
0 
m 
c) 

's: 
I 

43 
Po 

I 
43 
43 

I 
00 





6 
0 -  
7i 
I 
m 
m 
0 
3 
u) 
u) 

- 

m 

2 

0 

a 
P, 
w 
R 
P, 

0 

0 
M 

0 0  

0 t i ' %  

I--L 
0 %  
? P ,  



R 
41 (D 
I 
N ' b y  

0 
0 
CD m 

5 

% 

a 
P 

(D 
0 
Y 
P, 

P, 

m 

2 
s 
x' 

(D 

PJ 
E 
3 
0 

k 

0 . 0 0  

I 
Q, 
Q, 

I 
03 



6 
0 -  
7; 
I 
m 
0 
3 
u) 
u) 
r m 4 

Q 
u) 
71 
D 
0 
m 
0 
0 
3 
D 
D z < 

m 

- 
- 

u ) w  I 

m P 
0 "  

w 

2 

N 

I 
00 
00 
0 

x 

U 
2 
B m 

e -  
%. 

Q, cn 
P? 
cl 
0 
Y 
0 
m 
0 
Y 
P, 

rt- 

% 

I 
00 



w 
0 
P 
d- 

c3 
tt 
(D 

c3 
P 
Y 
(D 
0 

c3 
P 
CD 

9 
8 
ii: 
F s 
Y 

c-3 
P 
(D 

c3 
tt 
(D 

c3 
P 
(D 

'by 
(D rn 

d- 
(D a 

(D g 
5 w 

a 
(D 
0 
0 
9 
9 
5 
2 g 

0 m 
K 
6 
E 
I 

E (D 

F s 0 0 0 0 'd U 
P 

6 
0 
0 
(D rn rn 

ti' M x s 
E- (D 

: 
Y 

M g E a 
P E U 

Y. 
a 
M &' rn 

Kn 

F z 
L 

E a 5' 
Wl 

w. rn 'dy 
0 
0 
CD rn rn 

5 
0 e- 

0 s 
: E. 

s rn 
8 

rt- 

5. 
CD rn 

0 

rt- 
g 
E. s rn 

4 
I w 

CY 
(D 
(D s 

ti. 
* 
(D 

a 
P 

4 
2 

F s rn 

0 

CD a 
g c3 

E rn 
3 
Y 

0 
r-k z 

0 
0 
(D rn 
u1 

? 
(D 
(D 

99 
9 
P % 

!$ 
(D 
0 
Y 

3 
(D 

0 
Y h 

Eo 
0 

P, 
Y 
CD 
rn 
U. 5 
(D 
0 

a 
0 

if: 
e- 

'd s 
CD 
!i?I 
?? 

n 
P 
Y 

a 
P 
R 0 m t;. 

s 
Y 

Y. &i. s rn I 
0 
0 
Y 
Y 
CD 
0 

a if: 

Y. B d- 
0 g 

B 
9 
P, 
0 
Y 

U. 
8 E Eo 

P 
0 
(D rn rn i: 

Y 
'd 
Y a 9 

5 
M 

0 

E. 
g a 

a 
P 
% 

m 
CD a 

w. rn E (D 

I 
0 
0 
Y 
Y 
(D 
0 
d- 
d- 

$ 

rt- v 
CD E a (D rn 

E. s w 

+b 
0 
Y 5' 'by 

0 
0 
(D rn 
Kn 

t;' 99 
CD 

E 
Y 

w. R 
0 

F z rn 
2 
B 9 K 

v. 

3 
Y u. 0 

i 
'd 

(D 
Y 
a 
Y 
0 

5 

B w 0 
0 
0 

rn 

0 
s B 'd 

P 
P, rn 
(D 

? 

i- 

Y 

% 
if: a 

5 
0 i;' s k s '0 

P 

z. 
I 



.. 
CD 
VI 

s m 
z. 4 

I 
(x, 



4 

03 
u) I 

i? 
u) 
7) 
b 
0 
m 
(7 
0 
P 
7) 
b 
z 
4 

nnn 
0 bP, 
Y W W  

13 
5. 
(D 

0 
Y 
Y 
(D 
0 

(7 

Ct- Ci. 

B 

P P  P P  P P  P P  P W  P P  P W  
W P  P--L)--L P W  P P  P P  P P  P P  
0 0  0 0  0 0  0 0  0 0  0 0  0 0  
0 0 4  0 0 4  0 0 4  0 0 4  0 0 4  0 0 4  0 0 4  

CI 

-5-2 
53 

- ( D  

03 
I 

00 



6 
0 -  
x 

r 
m 4 
u1 I 

R, 
4 

D 
D 
Z 
4 

Po 

U 
R 
P, 
Q 
P 
R 
K 
rt 
(D 
Y rn 

en tP Y 

K 
rt 
CD 
Y rn 

Po F 

Q3 W N N 

tp 
rcI 

w w W 

W 

I 
W 



7i 
I 
m 
n 
CJ 
3 
m 
m 
r 
m 
m 
Q 
v, 

0 
m 
0 
0 x 
D 
D 
z 
4 

- 
- 

9 

P 
B 
A 
8 

4 X X X X X  

2 X X X X ” X  

1 X X X X X  

4 

< <  

TAPE MOTION 
T - 
R 

2 2 
6 

DATA 
A C 1- CHAR -1 

P P P P P P P P P P P  P P P P P P P P  
O X O X X 1 2 G 1 2 6 1 2 6  O X O O X X X X  

O X O X X 1 1 5 1 1 . 5 1 1 5  O X O O X X X X  

O X O X X 1 0 4 1 0 4 1 0 4  O X O O X X X X  

9 3  9 3  9 3  X X O X X X X X  

8 2  8 2  8 2  X X  0 X X X X X  

7 1  7 1  7 1  X X O X X X X X  

1, 

2 2  2 
2 2 1 1  1 
7 7 5 6  6 

-- 
‘3 T; 1 MILLISECONDS 8 FRAMES 

OF DAY PER RECORD 

1 Z Y  - - - - ’ 
2 F1 F2 1 

YR 
DATA FLAG - WORDS --FIELDS -- TIMING 

F1 IS A CONSTANT (RESERVED FOR COMPUTER-DETERMINED FLAGS). 
F2 IS A FLAG RELATING TO HARDWARE-DETERMINED TIME STATUS. 
F3 IS A FLAG RELATING TO HARDWARE-DETERMINED SYNC STATUS. 

Fig. 7-2 Buffer Tape Data Record Format 

I 
43 
R3 
I 
a, 
a, 

I 
00 



F; 
0 -  x 
I 
m 
m 

3 
u) 
u) 

- 

r 
m 4 
u) I 

w 
Q 
u) 
-0 
D 
0 
m 

0 

H 
h 
P, 

w E 
N 
(D 
Y 
0 

b 0 0 0  09 

It: 
% 

td x: 
Y 

E P, 
Y 
(D 

a 
R 
?? 



6 
(7 x 
I 
m 
m 
0 

0 
0 

cn c3 
U 

$ 
9j 

P, 

(D 
0 
0 
Y a 
!? 

to 

r 
& 
(D w 
H 

U 
a 
CD 
0 
0 
Y a 

U 
% 
9j 

s 
P, 

(D 

Y a m 



6 
0 -  x 

m 
0 
0 
3 
71 
D 
z < 

T 
R 
A 
C 

TAPE MOTION 
ti 

t- IST DATA RECORD 1 1  

F1 = QUALITY CONTROL F2 = FRAMESYNC F3 = TIMEDECODER 

Fig. 7-3 Edit Tape Data Record Format 

'c 

EOF 



-3 

N 

w 
P, 
3 
I- 
(D 
+. m 
Y 
(D 

(D 
0 
(D a 

u. 

rt- 

0 . 0 0 0 .  

r 
0 
n -  a F P, 

0 

a R 
E;’ 

L T  m 
m 
0 
E 
cn cn 
r 
m 
u) 

Q 
cn 

0 
m 
n 
0 
E 
’D 
D z 
< 

- 
- 

2 

Y 
(D 
0 
0 
Y a 

rt- 
0 

P, 

F 
(D 

0 

Y 
% 
E 
m “ 

Y 
0 
(D 
0 
(D a 

W. 

* 

P, m 

0 + 
8 
7; 
W 

5 m 5’ 
E 

I cn 
N 

I cn 
cr, 

-3 
I 
!? I 

u, 



m 
0 
0 
3 
71 
D 
2 
-< 



i, 
m 

1 2 3 4 5 6 7 8 9 10  

128 

129 

Fig. 7-5 Decommutation Data Matrix 

133 134 135 

NUMBER 

UNUSED 

I cn 
N 
I cn a 
I m 



cn 
Q 
u) 
71 
D 
0 m 
0 
0 
K 
D 
D 

0 
9 
Q 

’d 

R E 
0 
Z 
0 
Z 

8 
8 
M 

E 
Z 
0 

M 

5 
0 
Y 
il 
f”, 

2 
0 
O 
(D 
u) 

P 



6 
0 
7i 

TIME CARDS 
G M T V S .  S/C ___L 

CLOCK 
ANALOG 

CARDWTAPES 

0 1 1 O i  
TIME FIT  
PROGRAM 

’r 

u) 

m 
- 
r - a  

I u) CI c QUALITY 
CONTROLAND LISTING 

DIGITAL BUFFER ,, 
PROGRAM (QUALITY 

TIME CORRECTION) 

e 

TIME 
COEFFICIENT 

CARDS 

ro o(,o 1107 

PROGRAM 
DECOMMUTATION - ESI’LIII!dESTEl~b 

t 

Fig. 7-6 Normal Production Decommutation Process 



6 
0 -  x 
I 
m 
0 

E 
u) 
u) 

m 

m 

- 

4 
I 

r 
VI I--L 

4 
Q 

Y 

tD 

5 M 

8 s 
P 



m 
0 
0 
3 
-u 
D z < 

4 
I 
4 

3 
N 
CD 

I 
0, 
Q, 
I 

M 



-;I 
I 
m 

9 

I z 
g 

0 8 

CD rn 0 -  
jr; CD 

m 
m 

6 

\ 
'\ 

\ 
\ 

'7 / 

/ 
/ 

/ 
/ < \ 
5 I 

r 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I '  
I 
I E 

I 
Q) 
t3 

I 
Q) 
Q) 

I 
m 



n 
4 

W 
V 

0 
Y e 

P 
CD 

h 
4 

N 
Y 

m 



r 
0 
0 -  
z 
I 
m 
n 
0 
3 
cn cn 
r m 
u) 

QJ 
u) 
f] 
D 
c) m 

- 
- 

2 m 
4 

I 
W 

COUNT- COUNT- p\"! 
\ 
\ 

U 
I--L 

N 
Y 

z 
U 

N 
I--L 

COUNT- 
n 
Fu 
Y 

s 
I 

Q, 
to 

I 
Q, 
Q, 



6 
0 x 
I 
n 

U 
P. 

II 

+ 
U 
P 
b.2 

Y 

" 

w 
Ih 

Ih 
Z 

P. 

I 

P 

n 
4 

rp 
Y 

1-3 
P 
F: m " 

A 
4 

N 
v 

rt- r 
(D 

F. m 

j! 
t! 
0 
% 

m ul 

E 
I 

5a 
to 
I 

5a 
5a 
I 
m 



5 
0 -  
7i 
I 

u) 
u) 

m 
- 
r 
u) I 4 

N Q w 

w 
E 
F 
ct. 
0 

0 B 
% 
5' 
Y 

09 
rn 
0 
Y 
P, 

rl- 

(8 
Y 

UQ 
l i  li 

/ 

MINOR FRAME NO. 

MINOR FRAME NO. 

s 
I 
Q) 
N 
I 
Q) 
Q) 
I co 



0 0 

" 

0 

m 
m 
0 
Y m 
m 
E g 
a 
3 
0 
Y 
(D 

E- 
O 

CD 
E 
% 
Y 

.. 
c3 
v 
(D 

O 

2 5 "  ?? 

9 
'c 

3 
Y a m 
e 5 

5 
a 
a 
P, 
% 

3 
Y a m 

I cn 
c.3 
I cn cn 
I 
00 

IJ I V  
I '  



r 
0 
I) 
7i 
I 
m 
m 
0 
3 
m m 
m 
tn 
RD 
m 

I) 
m 
0 
0 
3 
71 
D 
z < 

- 
- 
r 

;s1 

QUANTIZED 
COUNT - QUANTIZED 

COUNT- 



6 r, 
7i 

u) 

4 
I 

Q) 
u) N 

P 

2 
4 
0 
H 
6 a 
a 
P 
% 

'd, 
g 
(D a 

m * 
Y 
E. 
9 rt 

3 
a 
E 

n 
w. . t ; '  

o a  
O S  
R P  

CD a 

I cn 
f.3 
I 

(s, cn 
I co 



6 
I 
m 
m 
0 

r 
m cn 
Q 

i 
-< 

DECOMMCTTATION 
OPERATION 

1107 

RUNNING TIME 
(TOTAL) 

INPUT (E LAPSED) 

COMPUTE 

OUTPUT (ELAPSED) 

CHAN 1 

CHAN 2 

1108 

RUNNING TIME 
(TOTAL) 

INPUT (E LAPSED) 

COMPUTE (ELAPSED) 

OUTPUT 

CHAN 1 

CHAN 2 

144 

90 

I 

t 80 I 

Fig. 7-12 Estimated Timing for Decommutation Program 



u) 
u) 

t- 

h 4 
u) I 

R, 00 
N 

(K-1) TH BLOCK 
125 126 127 128 

KTH BLOCK 
1 2 3 125 126 127 128 

JTH SENSOR ~~[ 
MAIN FRANIE WORD POSITION - 

(a) FORCED OUTPUT AT END OF FRAME ONLY 

127 128 

JTH SENSOR 

MAIN FRAME WORD POSITION - 
(b) DUMMY WORD EVERY THIRD SAMPLE 

D: DUMMYWORD 
F: NONREDUNDANT OR FORCEDOUTPUTWORD 

Fig. 7-13 Compressed Data Arrays  



Table 7-7 

TIME FOR RECONSTRUCTION AND RESTORATION - UNIVAC 1107 
r 
0 
0 -  
A 
I 
m 
m 
0 
3 
cn cn 
m cn 
P 
cn 

cl 
m 
0 
0 x 
D 
D 
z 
-< 

- 
- 
r 

2 

Time (ms)(a) No. of Nonredundant Sample Pa i r s  Sample 
Compression 

Ratio 

Time Number of 
in Mino Frame . .  

Incr 
Sase 

- 
I 

II 

III 

IV 

V 

VI 

VII 

Interp Total - 
32 

Incr 

126 

124 

12 0 

112 

96 

64 

44 

.nterp 

1 

2 

4 

8 

16 

32 

42 

42 8 - 

X 

0.294 

0.588 

1. 176 

2.352 

4.704 

9.408 

12.348 

12.348 

12.152 

11.760 

10.976 

9.408 

6.272 

4.312 

12.642 

12.740 

12.936 

13.328 

14.112 

15.680 

16.660 

6.69 

6.75 

6.85 

7.06 

7.48 

8.31 

8.83 

64 

32 

16 

8 

4 

2 

1.5 

X 

- X 

(a) For  one minor frame channel, per data block 
(b) 274 data blocks 

I 
Q, 
p.;) 
I 

Q, 
Q, 
I 
00 



- 
Case 

- 
I 

I1 

111 

IV 

V 

VI 

VI1 - 

X 

Sample 
C ompre ssion 

Ratio 1 2  

X 

64 

32 

16 

8 

4 

2 

1.5 

Table 7-8 

TIME FOR RECONSTRUCTION AND RESTORATION - UNIVAC 1108 

No. of Nonredundant Sample Pairs 
t Minor Frame 

(a) For  one minor frame channel, per  data block 
(bj 274 data blocks 

42 

X 

Numb 

Interp 

1 

2 

4 

8 

16 

32 

42 

c of 

Incr 
- 
- 
12 6 

124 

12 0 

112 

96 

64 

44 
- 

Time (ms)(a) 

[nterp 

0.110 

0.220 

0.440 

0.880 

1.760 

3.520 

4.620 

Incr 

4.662 

4.588 

4.440 

4.144 

3.552 

2.368 

1.628 

Total 

4.772 

4.808 

4.880 

5.024 

5.312 

5.888 

6.248 

Time 
'er Tape 
min) (a) 

2.53 

2.55 

2.59 

2.66 

2.81 

3.12 

3.31 



6 
(7 
7; 
L 
m 
m 
W 
3 
u) 
u) 

m 
u) 

Q 
u) 
’II 

m 
(7 
0 
3 
-0 > 
z 
-< 

- 
- 
r 

b 

c3 

t;’ 

rt- 
0 x h 

4 

cn 
U 

e e  
I 1  II  

N r  



6 
0 x 
I 
m m 
0 
3 
m 
u) 

r 
m 
m 
$8 
m 
71 
9 
0 
m 
0 
0 
P 
-0 
9 
2 
< 

- 
- 

AVERAGE RECORD LENGTH (THOUSANDS OF CHARACTERS) 

P to w 
0 0 0 0 

+ 
0 

cn 
0 

Q, 
0 

I 
Q, 
N 

I 
Q, 
Q, 
I 

03 



b 

P 
3 

(D E m Y 
(D 
P 

Y 
(D a 
E. 

cl 

c 3 
b F 

3 
Y 

P 
w 
0 
4 E; 

0 .  
7i 

m 

f 
D 
4 

P m 
m 
0 c s :  d 

I t  I 1  

- 
r 
m cn 
QJ 
cn 
71 
9 
0 
m 

4 
I 

W w 

P 
w 
0 
Po 

0 

I 

m co 
0 
0 
W 

b. 
B 
Y 
R c 

O P  " &  

6 
I 



r-r 

N 

cp 

P cn 

w 
c.3 

cn 
tb 

U 
c.3 co 

AT: READIN TIME DIFFERENCE BETWEEN 
UNCOMPRESSED AND COMPRESSED TAPES (MIN) 

I 
I 4- + -1- I + I I I 

A c.3 0 c.3 cp cn cn 
CI P P P I 
0, tF. c.3 0 03 cn 



TIME (MIN) 

2 w 
4 

I 
I--L 
in 

0 

I 
in 
Q, 
I 

00 



3 
E a 

(D E 
Y 

F m 
P, m 
rt 
P 
(D 

3 
(D m m 
(D a 

4 

w 
N 

w 

0 
P, c 
B m 

3 
0 a 
(D " 

rt 
P, 
'd 
(D 

B 
(D i? 

y 
0 
I 
1-3 
P 

-J 

03 

P rt 
3 
(D 

0 
s 
(D tu0 

0 
(D 

a 
P, 
-2 to 

CL 
w 3 

Y 
00 
I 
UI d 

(D 
d 
(D ? rt P 

(D 
0 
Y 

8 
5 

P, 
% 

rn 0 

8 z 
(D 

m 
(D m 
(D 
9 

'd 
0 m 
E. g 

M z 
0 
0 

w rt 

0 

Y 
CD m m 
(D a 
U 
P 
% 

B 
0 

G rt 
(D 
Y 

0 

S 
ti' 

CD 
Y 

1-3 
E- 
? 

Y 
(D a 
(D a 
$ 

P 
9 < 

x' 
P 

0 
P 
e, 

b 

s m 
E a 

P, 
% 

E 

9 
rt 

P 

i: x 

m 
E 9 

w G 
c, 

G m 
(D a 

3 r: 
m 
P, 

n e Y s 
% 

rt 

E m 
$. 
s m 

m 
E. 
B 
g 0 

Y 
+ a E a d 

(D e x: 
P 

g ti' 
i? 6 

c) 
7i 

m 
2 
0 

Y m 
6 
v 

3. w 
F m 

a 
(D 
0 

B 

E 
9 
5 
0 s 

3 
E a 

F 
9 
Y 

"% 

ti' ti' rt 
P 
(D 

'd 
Y 
0 
0 
(D 

a 
P, 
% 0 

8 
'd 
Y 
(D m m 
k 

51 
P 
P, m 
(D 

I 
m 
m H rt w 0 m 'd 

Y 
0 
0 
(D m 

3 m 
E. 

m 
? 
n m 

0 g. 
m 

(D 

P 
$ 

a E CJ e E 0 
Y 

n n rt 
P 
(D 

m 

u1 
0 
Y 

w 
CD 
0 
P) 

$ x: 
P 

m E- CL 
CL 
0 
00 

0 

8 z 
E. 
E 

(D m 

Y 
0 
0 

B 
% 

i;: 

Y 

a 

P, m 

E (D 

a 

0 

'd 

Y 

8 
3 

w 
s 
(D 

a 
% 
P) 

Y 
P, (D 

P 
% (D 

E a 
P s 
rt 

3. rt 

E* 
(D 

P, m 

" 

" 

5 
r i  i: 

P, 

G m rt 
P 
S 3 

Y ti' i? " 

8 
'b, 
0 
Y 
CD 

v 
F 

I-. m E a 
m 
0 a 

P, 
% 

P, " 
rt 
P 
(D 
Y 
(D 

(D 

P 
% 

0 

2 
5: 

s 

E 

0 

8 
'd 

5. a 

rt 
rt 
0 

E 
m .. h 

0 
Y 

Y. 0 

8 
9 
5 

ti 
P e 

P, m 
P, m 
5' 

3 z 
rt 

m E m 
(D s m 
0 
Y 

d 
(D 2 

0 
0 

0 
0 x 
D 
D z 

w rl- 

5 0 
0 
0 

m 
2 
0 
rt 
(D a 

T m 3 
Y a m 

Z 
% 

I-- m 
5' 

(D m 
? x m s 

I-. w 3 
'd 

Y 
E. 
" 

b. 
Y rn 

$ 
P 

rt 
P 
CD 

h 

E. 
2. 

I-. 

(D 

" 
i? P, m 

(D 
9 

td 
(D 
0 

P m 5 
rt 
P 
(D 

0 m 

m 
0 
Y 

0 
Y 

0 rt 
P 
(D 
Y 

8 
3 
'd 

Y 

t;' 9 
0 

w 

0 

(D 
8 E a 

I 

73 
I-. 

rt 
s 

(D a i? a 
E 'd 

Y 
0 
0 
(D m m 

(D 
Y 
(D s 
rt 

e 
0 

E 
w rl- E- 

(D 

CD 
5 a 
a 

3 

z. 
Y 
rt 

rt 
P 
% 

0 

8 I P, m 0" 
Y 5' 0 

P, s 
s rt m I-. s 0 m tn 



6 
0 -  

m 
m 
0 

Ip 
Y 
Y 

Y 



0 0 

6; 
"g 

w 
0) 
0 
P, G m 
(D 

rt 
P 
(D ! 

! 
0 
4 

Y FL 
0 

'd 

(D 

% 
f5 

0 
0 
3 
5. 
G 
(D 

I 

$ a x 
Y 
(D 
P, m 
% 

r4- 

e- 0 

f", 
ti' 
x: m 

Y 
(D a 

Y 
(D 

9. 
Y 
CD a 
P, 
9 
rt 8 

s a  
ti. a 

Le: 

P, 
9 

$4 

8 
% 

w 
(D g. 
Y 
u) 

u. 

(D a 

Y 
0" 

" 

- " 
Q 

a 
P, 
w 

Y Y 
P, 



i: 

0 

- 
r m 
# 

Q 
# 

m 

0 
Fo m 
(D " 

F? 
Y 
0 

3 
E a 

w w 
ct- 
0 
P 

0 

E a  
0 %  3 3. 
a '  

0 0 0 0 

I 
a, 





6 
0 x 
I 
m m 
0 
3 
u) 
u) 
r m 
u) 

Ip 

u) 
71 
9 
0 m 
0 
0 
3 
D 
9 z 
-c 

- 
- 

00 
I 
w 



00 
I 
N 

8 
m 

I 
00 



0 

r 
n 00 u1 
Q 

I 
Ul 

u) 
TI 
D 
(1 
m 
n 
0 
3 
'D 
B z 

z 
I 
6, 
to 

I 
43 
6, 

I 



E 
3 a 

c3 
5 m 

Y 
(D 
0 

B 

t=o 3 
rt- 

i;’ s 
a 
Y 
0 
0 
(D m m 

E. 
P, 
d 

0 

i 

g 

% 

a 
Y 
(D m 

s 
m 

0 
rt- 
0 
Y 

P, 

E a 
00 

N 
+ 
a 

- 
0 

i z 
(D m m 
(D a 

6 (D 

Y 

Y. P, 
Y 
(b 
0 

B z. 
g 
Y 

rt- 
0 
Y 

+ 

=! 
c3 

W 
I w 
d 

E a K 0 

B 
E. 
F: m 

a 
P, 
z n 

N 
V 

w 
(D 

9. 

ti’ m 
P, s a 
(D 

ii 
5- 
% 

$ 

R 

rt- 

(D m 

(D 

?- 
a 
P, 
Y 
(D 
0 
0 
Y 

s m 
e 
% g. 

e* 5 
a ” 

?- 
rt- 
P 
(D 

d 

3 
(D 
0 
(D m m 
ft: 
‘c 

a 
R 
P), 

P, I 

‘c 
m d 

5 Y 
3 
3 
P, 

(D 

1 
Y 

a 
(D m 
0 
2. 
% 
B 
% 

2 
ti’ 

Y 
(D 
P, a 
rt- 

c 
0 x m 
0 
Y 
0 
0 
rt- 

E 

2 

ii 

0 

s 

P 

rt- 

rt- 
P 
(D 

s 

2 

m 
Y 
(D 
0 
(D 

a 

0 m 
a 
P, 

Y 
(D 

I e- 

z 

E”, 

h 

5- 
(D 

kj 

-2 
E 
2- 
tt: 
jr; 

0 
Y 
m 
% 
2. 
E”, 

6 
% 
a 

m 
(D 

Y 
(D 
0 
0 
Y a 
(D a 
a c 
s m 

Y 

3. 

g 
Y 
0 

m z. 
3 

R 
; 
* 

Y 

0 m 
P, 

E;’ ti’ 
0 
Y 

Y 
rt- 
0 

Q z. 
L 
0 

a 
(D 
0 
0 

Y 
4 

0 
0 

Y 
4 e 

P 
(D s E 0 

rt- 
Y 
0 
c..l 

n 
rt- 
0 

0 

8 
7 
(D m m 
0 
Y “ 

E 0 
Y m E 
? 

3 

E’ 
(D 

d s 

Y 
n 
rt- 
0 
a 
Y 
(D 
‘d 

(D 

P 
(D 

a 
P, 

8 
rt- 

z 

d 
(D 

h 
.rt- 
0 ti’ rt- 

0 
Y a 
0 

0 
Y 

w 
R 

m 
0) $ 

a 
(D a 
5’ rt- 
0 

m $ 
3 
3 
Y 

i? 

a 
(D 

s 
(D 3 

P 

Y 
0 
(D 

6 
5 
R 

a 
P, 
R 

P, 
c-l c-l 4 

5 

(D 
P, a 
0 

ti’ rt- 
0 

P, m 
x: 
E;’ 

F: m 
(D a 

a E a 
P, 
z m 

rt- 
0 
0 

m 
Y 
(D m m 

rt- E’ 
(D % 

3 
8 rt- m 

% 
2. 
0 a 

rt- 
P 
(D 

I 
n 
rt- 
0 

G 
P, Y 

(D 
0 d 

x’ c) 

P, e 
3 
m F 
p. 

m 
rt- 
Y 
(D 

E! 
$r 
W % 

9 
(D 

0“ 
Y 

0 

8 z 
(D m 

6 
rt- 
(D a 

a 
”$ 

m 

8 Y 
(D 
0 
0 

a 
P, 
z % 

P, 5’ rt- 
0 

d 
x’ P, 

3 a i? d 
P 
(D 

ti’ a 
P, 
z m 0 Y 

VI 
CD 
s m 
0 
Y m 

P, m 
rt- 
Y 
0 

W B 
E4 m 
I I 

00 



MT TO GSFC 
WIDEBAND COMBINER ROM ROSMAN 

OR FAIRBANKS 

6 
0 -  
7i 
I 
m 
m 
O 
3 
tn 
tn 

m 
tn 
QJ 
tn 
71 
P 
0 
m 
n 
0 
3 
71 
D z < 

- 
r 

00 
I cn 

TRANSPORT 
TO GSFC 

DATA WORD SELECTOR OUTPUT 

, TRANSMITTER 

I TELETYPE 

XMT TO GSFC 
FROM ROSMAN 

Fig. 8-2 Data Acquisition Station 
I 

00 



6 
0 
7i 
I 
m n 
0 

Fig. 8-3 Data Compression System 



6 
0 .  
x 
I 
m 
m 
0 
3 
m 
m 
r 
m 00 m I 

Q 

- 
- 

4 

00 

c”3 
w 

I 

0 
Y 

w 

U w 
P, 
n 
8 

00 

03 

+ 
Z 
U 
1-3 x 
M 

I 
Q, 
Q, 
I 

00 



h 

O b  
d 

4- 

I cn cn 
I 
cx, 



6 
0 
7i 
I: 
m 
m 
0 
3 
m m 
m m 
QJ 
m 
7) 
D 
0 
m 
0 
0 
3 
7 )  
D 
1 < 

- 
- 
r 

00 
I co 

L 

I--I 

I 
Q, 
Qa 

I 
00 



0 
Y 

Y 
e 

00 

lb 

ct 

rn 5 0 g 
00 

P 
Lw 

Y 

E 
x’ H m l2 

(D 

ti’ d 
(D 

m 
g. 

n 
0 

% 
3 
E, a 

rt- 

5 rn I ct 

E 
(D 

0 

B 
E. e 
g 
8 

Y 

0 

8 
3 
E. 
8 

(D rn 

3 
E 
8 

CD 

0 

Y 

0 
P 
0 
Y 

ct x a s f? g 
s 

0 

8 
E 
3 
(D rn 

s 

a s 
g 
P 

rn 

s 
(D 
0 
(D m rn 

8 
3 
Y 

P 
CD 
ct 

Y 

P 
S a w. m 

g 
0 
Y 
zs 
0 
Y 

(D a 
R 

n 
N 
0 
d 
Y 

d 
(D 

a w a 
PJ 

r 0 
0 

E 

m 
I 
P 
0 

(D 
x’ 
P 
(D 
Y 

F. rn e 
E. 
8 E 
rn 

w* rn ct 
P 
CD s 

a 
P 
% % 

2 
E 

0 

Y 

P 

F: 
ul 
CD a 

F I 
m 0 

m 
(D 
S 

g 9 
4 
0 

m 
0 

P a 
a e 

0 s 
(D 

a 
3 Eo 

5 a 

Y E a z 
0 m 0 

Y 

x E. 
0 

8 
3 
al m rn 
0 
Y 

0 e 
E. 
& r 
9 

Y 

rn 
P 

E 
rn 

0 
rt 
0 
Y 

0 Y 
(D 

ft), 
ct 

ct 
0 

P 
CD 

E: 
Y i;’ 

S 
w. 
9 B 

3 
(D rn rn 
0 
Y 

’I 

E (D 
5; 
CD 

r m 
u) 

Q 
u) 

0 

8 z 
CD m m 
0 
Y m 

0 
ct 
P a 
Y 

0 

8 
5 
‘b 

Y 

i3 
(D a E (D 

I?, 
P, 

!? ct 
0 
Y rn 

a s a E G 
(D 

n 

B 
cf. 
P 
(D 

‘d 
Y 

(1, 
8 

Y 
(D 

0 
CD 

9 
ct 

n 

B 
cf. 
P 
(D 

C3 
P 
(D 

Y 
(D 

0 
B 
$ 

K 
g 0 

9 

d m 
s m 
E. (d z 

r 0 

W 

rn 
0 
0 
0 
EL 

z 
8 

d 
(D B 

3 rn 
en 

E a 0 
0 E 

Y 
(D 

9. 
2 a 

T 
n 

ct 
0 
d 
(D 

P 
EL 
g 
(D 

$4 

a 
Y 

8 
E. 
S rn 
s 
kf 
P 

Y 
(D a 

Y 
(D 
0 

g 
3 
$ 
i: 
Y m 

Y c I 
ct 

E 
(D 

s x 
0 

3 
2 
Y 

m w. 

5; 
R 

% 
P, 9 m Y 

(D 
0 

g 
2 
ct 
0 
Y 

z 
I cn 

N 
I 

Q) cn 
I m 

R 
B 
ct w. 

x 
0 

3 
2 
Y ” 

a ct 
Is’ 
(D 

Y 
(D 
0 

! N 
(D 
Y 
0 
I 

P 

E (D 

a 
Y 



5 
0 
z 
I 
m 
m 
U 

3 - 

VEHICLE D 

WIDEBAND COMBINER 4 PCM/FM H AND I 
RECEIVERS DERlODULATORS 

SIGNAL 
CONDITIONER 

XMT TO GSFC 
WHERE POSSIBLE 

I 
I 
I TO GSFC 

TRANSPORT 

COMPRESSOR I 

I I PCM 1 
CODED 

COMBINER b P E )  

TRANSPORT 

TRANSMITTER FROM GSFC 

Fig. 8-6 Remote Station With Ground Compression 



6 
0 
I 
m 
0 

r m co 
tn 
Q 

I 
P 
N 

m 

m 
(D 
S m 
0 
Y m 

g 
% 

K 

rc 
P 

m x 
P 
% 

f”, 

9 

8 
3 
i;’ 

P, S 

0 

P, 

Y x cc 
71 
P, E. 
? 
4 
P 
(D 
S 
P 
(D 

rc 

E 
% 

g 
B 

3 
E. 
R 

g. 
Y 

a 

m 
(D 
S m 
0 
Y m 

g 
c m 
0 a 

Y 
71 
0 

i: 

s 
rc 
P 
(D 

P, S 
0 m 
P 

f”, 

E 
i? 
2 % 

f”, 
m 
(D FI m 
0 
Y m 

i? 
2 

3 

u 

ii! 0 

(D 

E a 
71 
(D 

m 
(D e- 
m 
0 

5 

e- 
P 
(D 

m cc 
; 
9 
a 
(D m 
0 

71 
(D a 
2. 

E c 
? 

F 
8 

Y 

fi 
P 
-4 

w 
F 
m 

(D a 
P 
e- 

R 
E. 
(D 

E cc 
N 

w 

% 
2 

w 
(D 
S e- 



r 
0 
0 -  
A 
L 
m 
m 
0 

u) 
r 
m W 
u) I 

- 

Y 

rl- 

K m 
CD 

8 m 





6 
0 
7i 
I 
m m 
0 
3 
u) 
u) 
r m cn 
R, 
u) 
D 
D 
0 m 
0 
0 
3 
D 
D z < 

- 
- 

0 
0 0 



CD 

t--L 
w 

CD 

t--L 

N 

N 

IM 
0 

c 
0 

8 
‘by 
(D m m 
(D a 

0 0 

a 
P, 
w ‘d 

Y s 
‘c 

2. m (D s m 
0 
Y 

0 

‘d 
s 
s m 

E3: 
s 
5 
w 

0 

g A 
e 0 a 

3 
Y 
(D 

H m b; Y 
0 
Y 

P 
CD 
m 

rt- 

% 
s 

w: m c 
f”, 

rh w 
8 
I-. 

0 

rt- 
Y 
0 

g (D 
rt- 
P 
(D 

” 
0 s 
8. s w 

m 
(D s m 
0 
Y 
?n 

0 

‘d 
!% 
5 m 

Y 

a 
x 

H 

0 

I-. er 

3 
E 

” 
c m 
(D 
Y 

3 
Y 
(D 

w 
r. m ’3 

8. s 
F;’ 

0 
FT: E. er 
(D a 

E rt- 
0 
Fi; 
2 0 
(D 

m 
er 
0 
(D 

s 

w. 

t;’ 

s M 
P U 

IP 
a 
-I 

0 
(D ” d 

(D 
0 
P, c m 
(D 

E 
f”, 

E 
e 
“E 

0 w 
P, 

w s 

CY 
(D 

z a P, 

E 
I-. 

CF 
s 
P 
(D 

n 

0 

A 
0 

m 
m 

m 
u1 

- 
r 

CD 
I 
to 

0 

g A 
0 w 

CF 
0 
e 
P 
(D 

E 
F”, 
0 w 

h 

Y 
c.3 ii: 

E m 

f”, m 
0 

M 
Y 
Y 
0 
Y 

a 

=;: 
2 
L 
E 
0 
(D m 

w h 

W 
t--L 

P, 

rt- 

rt- 
0 

P 
(D 

E 
H 
M 

rt- 
0 

8 
‘d, 
‘c 

s 0 m 
0 

9 
(D 

rj 

E w 
%’ 
5 

m 
71 
9 
0 
m 

0 

rt- g 
Y z 

0 
0 
0 
0 cn 

m 

m 
0 
Y m 

8 E c 
‘p 

0 

P 
(D 

M 
rt- 

Y 
(D 
0 

8 
t 
rt- 
(D a 

E a r 
5 
P 

t;’ 
rt- 
0 

x 

rt- 
0 
0 

0 
0 
0 

F? a 
PJ 
w x 

P 3 
Y 
f”, w 

3 
Y 
(D 

0 
Y g s 0 m 

I-’ rt- 
P 
(D 

2. 
P, a 

P 
0 

rt g 
n 

0 
0 

3 z 
Fi; 
6 
P 

m 
(D s m 
0 

(D x 
!! 
f 

2 

9 
C.. m 

2 c 
F”, 
G 

0 
0 

E 
s 
E 

Y m 
9 w 

0 
0 

i I-. 

I 

rt- 
P 
(D 9 

R 



r 
0 
( 7 -  
7i 

0 

- 
r 

W 
I w 

m cn 
€P 

cn 
Q 
D 
(7 
m 

e e e 
m m 
0 
td 

? 
E 
B 

5. 
5 

3 

F 

rn " 

0 

8 
(D m 
E. 

e e 

$ &  
a 

e 



U 
% 
P 

e e e e e a a 
rt- 
0 P 0 

H 
6 E- (D 

m 

H 
3 
(D 

!% 
5 
0 

Y 
(D 
P e 
G 

(D 

Y 
2 
" 

w 
CD 

m 
(D 

co 
iT 

ti !% 
5 
0 

r 
0 
Y g 

0 m 
d 
Y 
0 
0 
(D m g. 
m 
n 

w 
Y. P 

Q) 
N 
-3 
rp 3 

Y 
4 
rt- 
0 
P 

-3 3 
Y % 

8 
m 

P 
Q) 

h 
?!- 

E 

g 

(D 

Y 
3 
r t -  

Y 
(D 
0 
0 
Y a m 

6 F I--L w 
0 
-3 " 

P 
0 
7i 5' P 

P 
0 
4 

G- 
I 
m 
m 
0 

8 
5 
a 

Y 

0 m 

B 
E 
0 

P 

(D a 
E G s 

P 
& 
5 
0 S 

6 a 
0 

B a 
d 

a 

c" k 
G 
8. m 

a 
P 
% 

m 
(D a 
F 

w 0 

8 
5 
E 
B 

a 
0 
3 

G 
% 3 

0 
0 
(D rn 

P 
P 
0 
4 

W 

L 3 
Y 

Y 

0 
E Y 

(D 

$2 
Fi' 
(D a 
0 

0 
Y 
(D 

rt- 

3 

& 
5r 
0 

Y i;' s rt- 

m E P EL 
.~ m 
rt- 
0 
P s 

rt- F 
CD 

% 
I--L w 

x' m cn 'do 
g Y 

s 

8 a 
(D 
Y 
0 
(D 

0 

Y 
(D s 

6 
rt- 

a 
P 
% 

P 
0 Y .  

(D a 
(D 
g % 

Y 
0 
(D s 
rt- 

E m 0 
0 
0 

rt- 
P 
(D 3 

Y 
Q) 

N 5' 
5 
a 

0 

B 
5 
% 
E 

a 

Y 
0 

Y 

s m 

e 
(D 
0 

8 
'3 
5 
E 
B 

0 

8 
g. 
3 
(D m 

s 

a 
P 
% 3 

F: 
iz 

3 
E a B % 

rt- 
P 
(D E + 

0 f;  G N 

cn3 



5 
0 x 
I 
m 
m 
U 

3 
u) 
u) 

m 
u) 

QJ 
u) 
-0 
9 
0 
m 
0 
0 
3 
'D 
9 
z 
-< 

- 
- 
r 



6 
c) 
71: 
I 
m m 
0 
3 
cn 
v, 
r m cn 
Q 
cn 

c) 
m 
0 
0 
3 
7) 
D 
z 
-< 

- 
- 

2 

W 
I cn 

9 

ti? 
(D s 
a 
73- 
cd 
0 
0 
Fi 

s 

a 

=r. 

% 
& 
s 
9 

% 

5 
", F 

E. 

2 
E 
8 

cc 

P 

0 
Y 
(D 

s 
(D 
Y 

s 

(D 

0 

Y 

rc 

'd 
Y 
0 

a 

0 

T 
9. 
(D m 
0 s 

rt 
Y 
P s m 
E. :: 
5' 

(19 

P s a 
Y 
(D 
0 g 

$ 

5' 
z 

(19 

0 

0 
Fi 
P 

I co 



0 0 

Y 
(D 

E 
E 0 

7 
s 
2 c 
2l 
4 
g 

Y 
(D 

a m " 

z 
I 

43 
N 
I 

43 
43 

I 
(x, 





6 
0 -  

m 
0 
3 
u) 
u) 

m 
u) 

P 
0) 
-0 
9 
0 
m 
r )  

- 
- 
r 

0 
3 
'D 
9 
z 
.( 

P 
0 

I 
P 

U 
R 
P, 
m 
k! 

Y 

I! 

Y 

P co 
Q, w 

k 
0 

rn 

P 
0 





r 
0 
0 -  
7i 
I 
m 
m 
O 

dN 

M 
0 

4 
it 
it 
3 
3. 
0 

cc L 

N 
CD 
Y 
0 

0 
0 

;i: 
B 
Y 

N 
M 
M 

0 
' M  
d 

1 
0 

M 
3 m 

II  

M M  Z d  0 . 
I I  I I  I I  I I  I I  I I  

.- 
C D -  a 
w w  m a a 

8 
H el z 



7i 
I 
m 
m 
U 

3 
m 
m 
_. 

- 
r 
m H m 
Ip 

m 
TI 
P 
0 
rn 

I 
to 

Q, 
0 
0 

U 
ib N 

kP 
kP 
0 tb 

W b N  0 
M 

I I  II I I  

+ "  

b N  

%I 
0 
Y 

W 

n 
M 

II I1 II 

M 
8 
tn 

I/ 


	71

